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Description 

BACKQRQUND QF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to a mold changing apparatus for use in a tire vulcanizer having a plurality of mold 
stations. 

10 2. Description of the Prior Art 

A typical conventional tire vulcanizing press is equipped with a tire mold that fits tires to be produced. The tire mold 
necessitates washing the inner surface thereof periodically, and it also needs to be replaced with another in the middle 
of production to change the size of tires to be produced or the pattern formed on the tire surface. The tire mold, which 

75 is contaminated during production, is removed from the tire vulcanizing press for washing and remounted thereto after 
washing. The replacement is performed by canceling the clamping between the top press-heating plate on the press 
side and the top half of the mold and the clamping between the bottom press-heating plate on the press and the bottom 
half of the mold On many cases the clamping is effected by using bolts), and taking the mold out of the press by use of 
a forWift truck or an overhead traveling crane, and then mounting a new mold by executing a procedure reverse to the 

20 above. 

The above-described prior art involves problems stated below: 

(1) Since moid damping is effected by bolting, the operator is obliged to perform an inefficient operation in a bad 
environment. 

25 (2) At the time of mounting the moid, it needs to be installed with high accuracy with respect to the press, and it is 
therefore necessary to fit the mold to a projecting ring portion, known as "register ring", which is provided on the 
press. Since the gap between the projecting ring and the moid is 0.5 mm or less, the mold mounting process 
involves an inefficient operation in which an assistant to the operator of the forWift or the crane lowers the sus- 
pended mold while swinging it for engagement with the projecting ring. 

30 (3) It is an ideal practice for the mold replacement to remove the mold immediately after the vulcanization of the 
final tire produced by this mold and to start production with a new mold immediately after it has replaced the old 
one. In actuality, however, the arrival of a new tire which is to be mounted may delay, or the disposition of an assist- 
ant operator may delay, resulting in a loss of time. In addition, a mold which is to be mounted is in a cooled state, 
or even if it has been preheated, in many cases the press is remote from the mold yard. Therefore, when mounted, 

35 the new tire mold has not yet been heated to such an extent that the production can be started immediately. Accord- 
ingly, it is necessary to perform a preheating operation in the press after the replacement, resulting in a lowering of 
the productivity. 

Further presses for tires and automatic devices for dismounting the vulcanizing mold are known from EP-A-0 270 
40 021 and FR-A-1 554 992. Accordingly, the mold unit can be shifted by acting just upon at least two diametrically 
opposed dies. 

Moreover, documents US-A-3 918 861 and FR-A-2 330 529 disclose specific arrangements of mold stations used 
for a tire production apparatus. Thereby, the split mold includes separable top and bottom halves which may be locked 
for the curing operation 

45 The prior art further suffers from the following problem. 

The conventional tire vulcanizing press comprises various constituent devices, such as devices that display their 
functions only during the vulcanizing cycle, devices that display their functions only during the loading and unloading 
cycle, and devices that function during both the cycles. 

In the case of small-sized tires for automobiles, for example, the vulcanizing cycle is about 10 minutes, while the 

so loading and unloading cycle is about 1 minute. In other words, the loading and unloading process accounts for only 
about 10 % of the production cycle, whereas the percentage of the total installation cost that is taken up by the loading 
and unloading equipment exceeds this level by a large margin. In the case of producing recent high-accuracy tires, the 
cost proportion of the loading and unloading equipment is higher than that in the case of production of conventional 
tires. In particular, the shaping method (part of the loading process) disclosed in Japanese Patent Laid-Open (KOKAI) 

55 No. 02-200405 (1990) needs a complicated mechanism, which is not provided in the conventional press, so that the 
proportion taken up by the loading and unloading cost is high, although this method has been proved by an actual 
machine to be suitable for production of tires of higher accuracy. 
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SUMMARY OF THE INVENTION 

Under these circumstances, it is an object of the present invention to provide a tire production apparatus which is 
free from the above-described problems of the prior art. 
5 This object is solved by a tire production apparatus as set out in claim 1. Further favourable embodiments are 
defined in the subclaims. 

In the present invention, a mold preparing station is provided in the middle or terminal of a row of stationary tire 
molds so that it is possible to complete in this mold preparing station automatic centering of a new mold which is to 
replace an old one and preheating of the new mold to the same temperature as that in the production process. 
10 With the above-described arrangement a mold can be installed in the mold preparing station only by an operator of 
a forWift or a crane, whereas an assistant to the operator has heretofore been needed in the prior art. 

A mold which is to be removed is automatically received from the mold station, transferred to the vicinity of the new 
mold in the mold preparing station and separated by a manipulator. Subsequently, the manipulator automatically 
receives the new mold which has already been heated, thereby enabling fully-automatic mold change. 
is The manipulator is equipped with devices that are used for various operations carried out at each individual mold 
station, for example, operations of opening and closing a press, loading a green tire and removing the completed tire, 
and the manipulator is used for all the mold stations in common. 

Heating fluid supply and discharge systems can be automatically connected and disconnected at the time of the 
operation of opening and closing the press at each mold station. In addition, heating fluid supply and discharge systems 
20 for splittable mold parts can be automatically connected and disconnected at the time of replacement of a mold. 

A mold that has been centered and preheated completely in the mold preparing station is received by the moid 
open-close manipulator, and it is then transferred to and installed in a mold station where vulcanization is executed. 
These operations are all automatically earned out. A mold which is to be removed is automatically received from the 
mold station by the manipulator, and it is automatically transferred to the vicinity of the new mold in the mold preparing 
25 station and separated by the manipulator. Subsequently, the manipulator automatically receives the new mold which 
has already been heated. Thus, fully-automatic mold change is realized. 

BRIEF PESCRIPTIQN QF THE DRAWINGS 

30 The above and other objects, features and advantages of the present invention will become more apparent from 
the following description of the preferred embodiments thereof, taken in conjunction with the accompanying drawings, 
in which like reference numerals denote like elements, and of which: 

Fig. 1 is a plan view showing the general arrangement of one embodiment of the present invention; 
35 Fig. 2 is a sectional view of one mold station shown in Fig. 1 ; 

Fig. 3 shows the top left quarter of the arrangement shown in Fig. 2; 

Fig. 4 shows the bottom left quarter of the arrangement shown in Fig. 2; 

Fig. 5 shows the top right quarter of the arrangement shown in Fig. 2; 

Fig. 6 shows the bottom right quarter of the arrangement shown in Fig. 2; 
40 Fig. 7 is a front view of a guide device shown in Fig. 4; 

Fig. 8 is a side view of the guide device shown in Fig. 7 as viewed from the left-hand side thereof; 

Fig. 9 is a detailed sectional view of a mold clamping device shown in Fig. 3; 

Fig. 10 is a bottom view of a clamp rod portion of the mold clamping device shown in Fig. 9; 

Fig. 1 1 is a detailed sectional view of a mold clamping device installed at the lower side of a bottom bolster plate in 
45 the mold station; 

Fig. 1 2 is a top plan view of a clamp rod portion of the mold clamping device shown in Rg. 1 1 ; 

Fig. 13 is a detailed sectional view of a clamping device attached to a bolster plate of a mold open-close manipu- 
lator; 

Rg. 14 is a bottom view of a clamp rod portion of the clamping device shown in Rg. 13; 
so Rg. 15 is a fragmentary sectional view of heating fluid supply and discharge devices in the mold station; 

Rg. 16 is a front view showing the mold open-close manipulator and a pair of left and right mold stations; 

Fig. 1 7 shows the top left quarter of the arrangement shown in Rg. 1 6; 

Fig. 18 shows the bottom left quarter of the arrangement shown in Rg. 16; 

Rg. 19 shows the top right quarter of the arrangement shown in Fig. 16; 
55 Rg. 20 shows the bottom right quarter of the arrangement shown in Fig. 1 6; 

Rg. 21 is a plan view of a mold preparing station; 

Rg. 22 shows the top left quarter of the arrangement shown in Rg. 21 ; 

Rg. 23 shows the bottom left quarter of the arrangement shown in Rg. 21 ; 
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Fig. 24 shows the top right quarter of the arrangement shown in Fig. 21 ; 
Fig. 25 shows the bottom right quarter of the arrangement shown in Fig. 21 ; 

Fig. 26 is a partly-sectioned side view of the mold preparing station which is in a state where a new moid is being 
heated therein; 

5 Fig. 27 shows the left-hand half of the arrangement shown in Fig. 26; 

Fig. 28 is a view similar to Fig. 26, showing the mold preparing station which is in a state where a loader grips a top 
heating device; 

Fig. 29 is an enlarged sectional view of a loader portion of the arrangement shown in Fig. 28; 
Fig. 30 shows the top portion of the arrangement shown in Fig. 29; 
10 Fig. 31 shows the central portion of the arrangement shown in Fig. 29; 
Fig. 32 shows the bottom portion of the arrangement shown in Fig. 29; 

Fig. 33 is a fragmentary sectional view of a centering device provided in the mold preparing station, showing it in a 
mold lifting state; 

Fig. 34 is a view similar to Fig. 33, showing a state wherein centering has been completed; 
75 Fig. 35 is a side view of the centering device shown in Figs. 33 and 34; 

Fig. 36 is a partly-sectioned plan view of the centering device shown in Figs. 33 and 34; 

Fig. 37 is a fragmentary sectional view of a heating fluid supply device in the mold preparing station; 

Fig. 38 illustrates the operation of the centering device; 

Fig. 39 is a side view of the arrangement shown in Fig. 1 ; 
20 Fig. 40 shows the top left quarter of the arrangement shown in Fig. 39; 

Fig. 41 shows the bottom left quarter of the arrangement shown in Fig. 39; 

Fig. 42 shows the bottom right quarter of the arrangement shown in Fig. 39; 

Fig. 43 is a plan view of mold stations and manipulators, the first manipulator being shown in a sectional view seen 

from the arrow Q-Q in Fig. 40, and the second manipulator being shown in a sectional view seen from the arrow P- 
25 P in Fig. 5; 

Fig. 44 shows the top left quarter of the arrangement shown in Fig. 44; 

Fig. 45 shows the bottom left quarter of the arrangement shown in Fig. 43; 

Fig. 46 shows the top right quarter of the arrangement shown in Fig. 43; 

Fig. 47 shows the bottom right quarter of the arrangement shown in Fig. 43; 
30 Fig. 48 is a fragmentary sectional view of movable parts of the manipulator; 

Fig. 49 shows the top half of the arrangement shown in Fig. 48; 

Fig. 50 shows the bottom half of the arrangement shown in Fig. 48; 

Fig. 51 is a sectional view similar to Fig. 48, showing the manipulator and the top mold half which are coupled 
together; 

35 Fig. 52 shows the top half of the arrangement shown in Fig. 51 ; 

Fig. 53 shows the bottom half of the arrangement shown in Fig. 51 ; 

Fig. 54 is a sectional view seen from the arrow R-R in Fig. 50; 

Fig. 55 is a plan view of a sector and a chuck in the arrangement shown in Fig. 54; 

Fig. 56 is a sectional side view of the arrangement shown in Fig. 55; 
40 Fig. 57 is an enlarged sectional view showing an upper bead which is pushed into a top bead ring; 

Fig. 58 is an enlarged sectional view showing a lower bead which is pushed into a bottom bead ring; and 

Fig. 59 illustrates the operation of a bead lock mechanism. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

45 

The present invention will be described below in detail with reference to the accompanying drawings. 
Referring first to Fig. 1 , which shows the general arrangement of one embodiment of the present invention, mold 
stations A 1 to A 12 have tire molds installed therein, respectively. Green tire preparing stations E 1 to E 12 are disposed in 
front of the mold stations ^ to A 12 . and discharge conveyors to G 12 and a belt conveyor F are disposed in the rear 
so of the mold stations A 1 to A 12 . The mold stations A 1 to A 12 are disposed at proper spacings on a common base frame 
B. A track is installed on the common base frame B for guiding a movable mold open-close manipulator C, which is 
moved and stopped in position at the request of each mold station A to execute operations of opening and closing a 
mold, loading a green tire, and unloading the completed tire. 

The system is provided with one or two manipulators C, which are denoted by reference numerals C 1 and C^. The 
55 number of manipulators is preferably two from the viewpoint of maintenance and the possibility that two mold stations 
will make a request at the same time. The number of mold stations is determined by considering the time required for 
the manipulator C to move and the time consumed in operations of opening and closing the mold, loading a green tire 
and unloading the completed tire at each station, together with the vulcanizing time (i.e. . the period of time during which 
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the mold is closed) at each mold station. Although in the illustrated arrangement 12 mold stations are provided, the 
number of mold stations can be increased in the case of production of tires which are larger in size and therefore need 
a relatively long vulcanizing time. For the sake of the description, the left-hand end of the system will be hereinafter 
referred to as A 1 , and the right-hand end as A 12 . A mold preparing station D is disposed at a proper position in the row 

5 of mold stations A 1 to A 12 . Although in Fig. 1 the mold preparing station D is disposed in the center of the row of mold 
stations A 1 to A 12 . it may be disposed at either of the ends of the row of mold stations A 1 to A 12 . The mold preparing 
station D comprises a first station D 1 and a second station D 2 . The first station D 1 comprises a centering device and a 
heating device for a new mold which is to be used subsequently. The second station D 2 is a station where a mold 
removed from a mold station A is allowed to stand. Unlike the first station , the second station D 2 has neither center- 

w ing device nor heating device. Although not shown in Fig. 1 , the second station D 2 may be equipped with a washing 
device so that a tire washed in the second station D 2 is moved to the first station D 1 for preheating. By virtue of the 
above-described arrangement, while a production process is being executed at each of the mold stations A 1 to A 12 , a 
new mold can be carried into the first station 0 1 by a forWrft or a crane so as to be centered and preheated before being 
moved to a mold station A to replace an old mold. 

is Upon completion of the release of the final tire produced at a mold station which should replace the mold with a 
new one, the manipulator C transfers the old mold to the second mold preparing station D 2 where the mold is allowed 
to stand, and the manipulator C subsequently receives a new mold which has already been heated and moves it to the 
mold station concerned. Thus, the new mold can be automatically installed in the mold station. When two manipulators 
are provided, situation judging control is effected to decide which manipulator is suitable for use in a particular mold 

20 change operation. The following is a detailed description of the main constituent devices, that is, the mold stations A. 
the common base frame B, the mold open-close manipulator C ( the mold preparing station D, and the green tire prepar- 
ing station E. 

25 

(1) Figs. 2 to 6 are sectional views of one mold station. Fig. 2 is a view seen from the right-hand end A 12 of the row 
of mold stations. In Fig. 2, the common base frame B and the mold open-close manipulator C are also shown. The 
left-hand half (also shown in Figs. 3 and 4) of Fig. 2 shows the mold station which is in a state where the mold is 
closed, and the manipulator C is about to begin or finish an operation at the mold station. The right-hand half (also 

30 shown in Figs. 5 and 6) of Fig. 2 shows the mold station which is in a state where the mold is opened by the manip- 
ulator C before a green tire is supplied. 

(2) The mold station is installed on cross beams B-1 of the common base frame B. A support A-1 is installed upright 
on a cross beam B-1 . A base plate A-2 is secured to the head portion of the support A-1 . A plurality of rollers A-3 
are disposed at the outer periphery of the base plate A-2 to support a lower breach lock tube A-4 rotatably. The 

35 lower breach lock tube A-4 is driven to rotate by a cylinder or a motor (not shown). 

The lower breach lock tube A-4 is rotatable but immovable vertically because it is engaged with a projection 
provided along the outer periphery of the base plate A-2. as illustrated. The inner peripheral wall of the upper end 
portion of the lower breach lock tube A-4 is provided with known intermittent teeth through which the lower breach 
lock tube A-4 is removably engaged with an upper breach lock tube A-1 4 (described later). The lower breach lock 

40 tube A-4 can be connected to and disconnected from the upper breach lock tube A-1 4 by rotating the former 
through an angle corresponding to one of the intermittent teeth by a driving device (not shown). 

(3) The base plate A-2 is provided with a plurality of pressure cylinders A-5. A T-shaped coupler A-6 is attached to 
the rod end of each cylinder A-5. The coupler A-6 is fitted to a coupler A-9 that is attached to a lower bolster plate 
A-7 through a heat insulating material A-8. For the couplers A-6 and A-9. a known means fa absorbing a change 

45 in the longitudinal dimension is adopted so that no undesired force will act on the pressure cylinder A-5 when the 
lower bolster plate A-7 thermally expands. 

(4) The lower bolster plate A-7 has a steam passage A-10 for heating which is provided in the upper region thereof. 
The steam passage A-1 0 is supplied with a heating fluid that circulates through a supply port (not shown). Between 
the lower bolster plate A-7 and the base plate A-2 are installed three or four guide devices A-1 1 , which are equally 

so spaced at respective positions equidistant from the center of the lower bolster plate A-7. The details of one guide 
device A-1 1 are shown in Figs. 7 and 8. The guide device A-1 1 comprises an upper guide A-1 1b that is attached 
to the lower side of the lower bolster plate A-7 through a heat insulating material A-1 1a, and a lower guide A-1 1c 
that is fitted to a projecting portion of the upper guide A-1 1b, the lower guide A-1 1c being attached to the base plate 
A-2 through a heat insulating material A-1 1d. The projecting portion of the upper guide A-1 1b and the surface of 

55 the accommodating recess of the lower guide A- 1 1 c are formed by precision machining. 

The center line a-a in Fig. 8 is disposed to coincide with a radiating line of the base plate A-2. By virtue of the 
above-described structure, even if the upper guide A-1 1b moves in the direction of the radiating line due to thermal 
expansion of the lower bolster plate A-7, it is possible to support the lower bolster plate A-7 such that the center 
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position thereof will not be displaced. In addition, when the lower bolster plate A-7 is moved vertically by the pres- 
sure cylinders A-5, it is also possible to support the lower bolster plate A-7 such that the center position thereof will 
not be displaced. 

(5) A plurality of mold thickness adjusting devices A-12 are disposed between the lower bolster plate A-7 and the 

5 base plate A-2. The mold thickness adjusting devices A-12 are used to adjust the loweHimit position of the lower 
bolster plate A-7 to a proper level during the mold closing operation by the lower breach lock tube A-4 and the upper 
breach lock tube A-1 4 when there is a change in the height of the tire mold received in the mold station A. 

The mold thickness adjusting devices A-12 are equally spaced at respective positions equidistant from the 
center of the base plate A-2. Each mold thickness adjusting device A-12, which is disposed between a pair of adja- 

10 cent guide devices A-1 1, comprises a nut A-12a that is rigidly secured to the base plate A-2, a rod A-12b that is 
screwed into the nut A-12a, a gear A-12c provided on the end of the rod A-12b, a chain or a toothed belt (not 
shown) which is stretched to pass over the gears A-1 2c of all the adjusting devices A-12, and a rotational driving 
device (not shown). The top of the rod A-1 2b abuts against the lower side of the lower bolster plate A-7. 

In the right-hand half of Fig. 2 (i.e., Figs. 5 and 6), the pressure cylinders A-5 contract to allow the lower bolster 

is plate A-7 to abut on the rod A- 12b, thereby retaining the lower bolster plate A-7 horizontally. To activate the mold 
thickness adjusting devices A-12, the lower bolster plate A-7 is raised by the pressure cylinders A-5 in the mold 
release state shown in the right-hand half of Fig. 2, thereby creating a space between the top of each rod A-1 2b 
and the lower bolster plate A-7, and in this state all the rods A-1 2b are simultaneously driven by the driving device, 
thus enabling the height of the top of each rod to be changed precisely. 

so (6) A known bladder actuating mechanism A-1 3 is provided in the center of the lower bolster plate A-7. Since many 
bladder actuating mechanism have been proposed by the present applicant and also by other applicants and hence 
known, detailed description of the bladder actuating mechanism A-1 3 is omitted, and it will be explained briefly. The 
bladder actuating mechanism A-1 3 comprises a bladder A-1 3a, a bladder top clamp member A-1 3b, a bladder bot- 
tom clamp member A-13c, an accommodating tube A-13d that guides the bottom clamp member A-13c and 

25 accommodates the bladder A-1 3a, and a heat insulating material A-1 3e provided on the outer wall of the accom- 
modating tube A-13d. The accommodating tube A-13d is secured to the central portion of the bottom bolster plate 
A-7. 

The left-hand half of Fig. 2 (i.e., Figs. 3 and 4) shows the bladder actuating mechanism A-13 during vulcaniza- 
tion. The top clamp member A-1 3b is fitted to a pressure receiving plate M-1 2 in the center of the upper half of the 
30 tire mold, and the bottom clamp member A-1 3c is held in the position shown in the figure by a known means against 
the pressure inside the tire. 

Figs. 5 and 6 show a state where the bladder A-1 3a is accommodated. The top clamp member A-1 3b is placed 
closer to the bottom clamp member A-1 3c. so that both the top clamp member A-1 3b and the bottom clamp mem- 
ber A-13c are drawn into the bottom of the accommodating tube A-13d. Thus, the bladder A-1 3a, which is 
35 expanded in the position shown in Fig. 3, is folded and, in this state, it is accommodated in the accommodating tube 
A-13d. The bottom clamp member A-1 3c is provided at proper positions thereof with a supply port and a discharge 
port for a heating pressure fluid supplied into and discharged from the bladder A-1 3a, together with pipes leading 
to these ports, although these elements are not illustrated. 

(7) The upper breach lock tube A-1 4, which has intermittent teeth engaged with the intermittent teeth of the lower 

40 breach lock tube A-4, is secured to an upper bolster plate A-15. The upper bolster plate A-15 has a heating plate 
A-1 7 secured to the lower side thereof through a heat insulating material A-1 6, the heating plate A-1 7 having a 
heating fluid circulating passage A-22. The heating plate A-1 7 is covered with a heat insulating material A-1 8. The 
respective central portions of the heating plate A-1 7 and the upper bolster plate A-15 are fitted with a ring A-1 9 to 
prevent these plates from becoming eccentric. 

45 (8) A tire mold M is mounted between the upper heating plate A-1 7 and the lower bolster plate A-7. As the mold M, 
a known split mold or an improved split mold proposed by the present applicant is used. The split mold comprises: 
a known outer ring M-2 covered with a heat insulating material M-1 and having a heating fluid circulating passage 
M-1 1 formed therein; circumferentially divided segments M-3 slidably provided on the inner peripheral slant surface 
of the outer ring M-2 and fitted to guide keys (not shown) extending in the direction of the slant; tread mold mem- 

so bers M-4 assembled to the inner periphery of the segments M-3 and divided by the same number as that of seg- 
ments M-3; an upper side mold member M-5 for forming an upper side wall portion and upper bead portion of a tire; 
a top plate M-6 having the mold member M-5 attached thereto, the top plate M-6 being fitted at the outer peripheral 
portion thereof to the segments M-3 and having guide grooves that enable the segments M-3 to slide in the radial 
direction; a ring M-7 attached to the central portion of the top plate M-6 and having intermittent teeth (female 

55 engagement member) engaged with intermittent teeth (male engagement member) provided on a connecting tube 
C-c-15 disposed in the center of the mold open-close manipulator C in such a manner as to be movable vertically 
and rotatable; a lower side mold member M-8 for forming a lower side wall portion and lower bead portion of a tire; 
and a bottom plate M-10 having the lower side mold member M-8 attached thereto and further having a slide mem- 
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ber M-9 attached to the outer peripheral portion thereof, the slide member M-9 abutting against the lower side of 
the segments M-3 to facilitate sliding of the segments M-3. 

(9) The outer ring M-2 is secured to the upper bolster plate A-15 by mold damping devices A-20. The mold clamp- 
ing devices A-20 are capable of being connected and disconnected by driving devices C-c-1 to Oc-9 mounted on 

5 a bolster plate C-b-2 of the mold open-close manipulator C. The clamping devices A-20 and the driving devices C- 
c-1 to C-c-9 will be described later in detail. The upper bolster plate A-15 is capable of being connected and dis- 
connected by the clamping devices A-20 and the driving devices Oc mounted on the bolster plate C-b-2 of the 
mold open-close manipulator C. The bottom plate M-10 is capable of being connected to and disconnected from 
the lower bolster plate A-7 by mold clamping devices A-21 , described later, which are mounted on the lower bolster 

10 plate A-7. 

(10) The details of the mold clamping devices A-20 and the driving devices C-c-1 to C-c-9 (see Figs. 9 and 10): 

A plurality of mold clamping devices A-20 are mounted on the upper side of the upper bolster plate A-15 in 
each mold station, and driving devices C-c-1 to C-c-9 are mounted on the bolster plate C-b-2 of the mold open- 
close manipulator C at respective positions which face the clamping devices A-20. Each mold damping device A- 

15 20 comprises a spring box A-20a, a housing A-20c slidably fitted on the spring box A-20a through a plurality of rods 
A-20b provided vertically on the bolster plate A-1 5 to extend through bores provided at proper positions in the outer 
peripheral portion of the housing A-20c, a plate A-20f threaded into the housing A-20c and having in its center a 
slide member A-20e for guiding a clamp rod A-20d, and a plurality of coned disc springs A-20g accommodated in 
between the plate A-20f and the spring box A-20a. 

20 The clamp rod A-20d is vertically movable by being guided through the slide member A-20e of the plate A-20f 

and a slide member A-20h provided in the spring box A-20a. The upper end portion of the rod A-20d has a larger 
diameter than that of the sliding portion thereof, and a friction plate A-20i is secured to the top surface of the rod A- 
20d. The other end portion of the rod A-20d extends through the bolster plate A-15, the heat insulating material A- 
16 and the heating plate A-1 7 and is fitted to a block M-2a that is buried in a proper portion of the outer ring M-2 of 

25 the tire mold M through thread engagement 

Fig. 10 shows the clamp rod A-20d and the block M-2a seen from the lower end side of the rod A-20d. The 
lower end of the rod A-20d has an oval projection with such a shape that it can pass through a groove M-2b pro- 
vided in the block M-2a. as shown by the one<fot chain line in the figure, and it can also be placed to intersect the 
groove M-2b, as shown by the solid line. 

30 In addition, the lower end face of the rod A-20d has a conical portion whose vertex is coinddent with the axis. 

With the clamp device having the described structure, the oval projection at the end of the rod A-20d is brought to 
abut against the edge portions of the groove M-2b in the block M-2a by the resilient force from the coned disc 
springs A-20g, thus enabling the outer ring M-2 to be firmly secured to the heating plate A-1 7, as illustrated. On the 
other hand, if the coned disc springs A-20g are deflected by pressing the housing A-20c through the plate A-20f so 

35 as to cancel the force with which the upper end portion of the rod A-20d and the plate A-20f abut against each other 
and, in this state, the rod A-20d is rotated through 90°, the state shown by the one-dot chain line in Fig. 10 is 
reached, so that the outer ring M-2 can be disconnected. If an operation reverse to the above is conducted, the 
outer ring M-2 can be connected by the engagement as shown by the solid line in Fig. 10. 

The driving devices C-o-1 to C-c-9 for the above-described connection and disconnection are mounted on the 

40 bolster plate C-b-2 of the mold open-close manipulator C. Since the manipulator C is used for a plurality of mold 
stations in common, the clamp driving devices C-c-1 to C-c-9 are provided on the manipulator C so as to be usable 
in common for the clamping devices A-20 of each mold station. The driving devices C-c-1 to C-c-9 are disposed on 
the bolster plate C-b-2 in such a manner as to face the clamping devices A-20, respectively. In other words, the 
number of driving devices C-c-1 to C-c-9 is the same as that of mold clamping devices A-20. 

45 A hydraulic cylinder c-o 1 is rigidly secured to the bolster plate C-b-2. and plate C-c-2 is secured to the rod end 

of the cylinder C-c-1. The plate C-c-2 has a plurality of guide rods C-c-3. which are guided by respective slide mem- 
bers C-c-4 provided in the bolster plate C-b-2. Below the rods C-c-3 are provided a slidable plate C-c-5 and spacers 
C-o-6 that limit the downward movement of the plate C-c-5. A spring C-c-7 is disposed between the plate C-c-2 and 
the plate C-c-5. In addition, a known rotational driving device C-o-8 such as that called "rotary cylinder" is secured 

so to the lower side of the plate C-c-5. A friction plate C-c-9 is attached to the end of the output shaft of the driving 
device C-c-8 in such a manner as to face the friction plate A-20i of the damping device A-20. 

When the cylinder C-o-1 contracts, the two friction plates C-c-9 and A-20i face each other across a gap, and 
the distal ends of the rods C-c-3 also face the housing A-20c of the damping device A-20 across a gap without 
being in contact with it. as illustrated. With the described structure, when the cylinder C-o-1 is expanded, the rods 

55 C-o-3 come into contact with the housing A-20c to deflect the springs A-20g. thereby releasing the clamp rod A-20d 
from the resilient force for abutment At the same time, the friction plate C-c-9 is brought into contact with the friction 
plate A-20i, so that the clamp rod A-20d can be rotated by the driving device C-c-8 through friction between the two 
friction plates that is maintained by the spring C-c-7. 
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(11) The details of the mold clamping devices A-20 (see Figs. 11 and 12): 

A plurality of mold clamping devices A-21 are mounted on the lower side of the lower bolster plate A-7 of each 
mold station. Each mold clamping device A-21 comprises: a spring box A-21 a; guide rods A-21 b provided vertically 
on a housing A-21c slidably fitted on the spring box A-21a; a housing A-21 e rigidly secured to the bolster plate A- 
7 and having in the bottom thereof slide members A-21d for guiding the guide rods A-21b; a hydraulic cylinder A- 
2 1 f secured to the lower end of the housing A-21 e; a plate A-21g secured to the rod end of the cylinder A-21f and 
thread-engaged with the rods A-21b; a plate A-21i slidably fitted on the guide rods A-21b and limited in sliding 
movement by spacers A-21h; a spring A-21j disposed between the plate A-21i and the plate A-21g; a rotational 
driving device A-21 k secured to the plate A-21 i; a flange A-21 / secured to the end of the output shaft of the driving 
device A-21k; a plate A-21m thread-engaged with the housing A-21c; a plurality of coil springs A-21n disposed 
between the spring box A-21 and the plate A-2lm; and a clamp rod A-21p formed to be integral with a flange A- 
21o that is coupled to the flange A-21/, the clamp rod A-21p being guided by the respective central portions of the 
plate A-21 m and the spring box A-21 a. The upper end portion of the clamp rod A-21 p is arranged in the same way 
as in the case of the clamp rod A-20d of the clamping device A-20, while a block M-1 Oa that is buried in the bottom 
plate M-10 is arranged in the same way as in the case of the block M-2a in the clamping device A-20. 

With the above-described structure, the housing A-21c is raised through the rods A-21b by a pushing-up oper- 
ation of the hydraulic cylinder A-21f, causing the springs A-21m to be deflected. In this state, the clamp rod A-21p 
is rotated by the driving device A-21k, thereby allowing the oval projection at the distal end of the rod A-21p to 
engage with or disengage from the block M-1 Oa. 

(12) The details of clamping devices C-ca: 

The clamping devices C-ca are mounted on the bolster plate Ob-2 of the mold open-close manipulator C. The 
arrangement of each clamping device C-ca is the same as that of the clamping device A-21 except that these 
devices are in upside-down relation to each other and that a housing which is the counterpart of the housing A-21 e 
of the clamping device A-21 is mounted on the bolster plate C-b-2 of the mold open-close manipulator C and a 
block A- 15a that is engaged with a clamp rod is buried in the upper bolster plate A- 15 by thread engagement, as 
shown in Figs. 13 and 14 in detail. Since the arrangement of the clamping device C-ca will readily be understood 
from Figs. 13 and 14 by those skilled in the art. detailed description thereof is omitted. 

(13) The above-described clamping devices function as follows: 

(a) When the system is in operation for vulcanization during which mold change is not needed, the clamping 
devices A-20 constantly hold the outer ring M-2 of the tire mold M in connection with the upper bolster plate A- 
15 of each mold station. In other words, the driving devices C-c-1 to C-c-9 on the manipulator C are in an inop- 
erative state. Only when the manipulator C is placed in position at the first or second mold preparing station D t 
or D 2 , the driving devices C-c-1 to C-c-9 are moved and joined to the clamping devices A-20 to connect and 
disconnect the outer ring M-2 and the bolster plate A-15. 

(b) The clamping devices A-21, which are mounted on the lower bolster plate A-7 of each mold station, con- 
stantly hold the bottom plate M-10 of the tire mold M in connection with the lower bolster plate A-7 of the mold 
station during the vulcanization operation. The clamping devices A-21 disconnect the bottom plate M-10 from 
the lower bolster plate A-7 when the tire mold M is to be moved to the second mold preparing station D 2 for 
replacement by the manipulator C. 

After a new mold has been carried from the first mold preparing station D 1 and installed on the lower bol- 
ster plate A-7 by the manipulator C, the mold clamping devices A-21 are used to connect together the bottom 
plate M-1 0 and the lower bolster plate A-7 for a production operation. 

(c) The clamping devices C-ca, which are mounted on the manipulator C that moves between the mold sta- 
tions, effect connection and disconnection each time a mold in each mold station is closed and opened. 

The clamping devices C-ca are held in a connected state while the manipulator C is moving between a 
mold station and a mold preparing station to receive and deliver a mold at the time of mold change. 

(14) Devices for supplying and discharging a heating fluid at each mold station: 

Constituent elements of each mold station which are to be movable slidably for opening and closing a mold are 
as follows: the upper bolster plate A-15, the upper breach lock tube A-14, the heat insulating materials A-16 and A- 
18, the ring A-19, the heating plate A-17, and constituent elements of the mold M, i.e., the outer ring M-2, the heat 
insulating material M-1 , the divided segments M-3, the tread mold members M-4, the upper side mold member M- 
5, the ring M-7, and the top plate M-6. 

The heating plate A-1 7 and the outer ring M-2 need individually pipes for supplying and discharging a heating 
fluid that is circulated. In the conventional press, since the above-described movable elements are movable only 
vertically and only horizontally a little, each movable element is allowed to connect flexibly with a proper position of 
a stationary part of the press through a hose or a steel pipe through a swivel joint. However, the system herein pro- 
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posed needs not only vertical movement for a production operation at each mold station but also movement from 
each mold station to a mold preparing station installed a long way from it for a mold changing operation and hence 
cannot attain the object of realizing automatic mold change with the conventional heating fluid supply and dis- 
charge method (using hoses or the like). Accordingly, the present applicant proposes arrangements described 
below in regard to: 

(a) devices for supplying and discharging a heating fluid to and from the heating plate A-17 in each mold sta- 
tion; and 

(b) devices for supplying and discharging a heating fluid to and from the outer ring M-2 of the mold M in each 
mold station. 

Figs. 15 to 20 are fragmentary views showing a mold and a mold station within a range adequate for illustration 
and description of the above-described heating fluid supply and discharge devices. Each mold station has a bottom 
pipe 101 secured to the stationary side of the mold station in such a manner as to extend vertically, the bottom pipe 
101 having a flange portion 101a with a seal member 100 buried in the upper end face thereof. A top pipe 102 is 
supported and guided by slide members 104, made of a heat insulating material, provided in a bracket 103 that is 
rigidly secured to a proper portion of the upper bolster plate A- 15 of the mold station such that the end face of the 
top pipe 102 comes in and out of contact with the seal member 100. 

A projection 102a is provided on the upper portion of the top pipe 102, and a plurality of coned disc springs 106 
are incorporated in between the projection 102a and a spring box 105 that is rigidly secured to the bracket 103, 
thereby enabling the seal member 100 and the end face of the pipe 102 to abut against each other with satisfacto- 
rily high holding force during the vulcanizing operation carried out with the mold closed. 

In addition, a hose 1 07a having a known joint is connected to the upper portion of the top pipe 102 that is above 
the spring box 105, the hose 1 07a being connected through a joint to a pipe 108 that is secured to the heating plate 
A-17 in such a manner as to extend therefrom vertically. 

Although in Fig. 15 only one set of constituent elements 100 to 107a is shown, a total of four sets of such ele- 
ments are provided per mold station. The hose 107a in the first set is connected to the pipe 108 for supplying a 
heating fluid to the heating plate A-17. The hose 107b in the second set is connected to a pipe 109 that is secured 
to the heating plate A-17 in such a manner that it extends therefrom vertically and the inner end of the pipe 109 
extends as far as the bottom of the heating plate A-1 7, thereby being used for discharging the fluid from the circu- 
lating passage A-22 in the heating plate A-1 7. The hose 1 07c in the third set is connected to a pipe 1 1 5 that is com- 
municated with an inlet port 1 10 for supplying the fluid to a circulating passage provided in the outer ring M-2 of the 
mold M. The hose 1 07d in the fourth set is connected to a pipe 116 that is communicated with an outlet port 1 1 1 
for discharging the fluid from the bottom of the outer ring M-2 of the mold M. 

By virtue of the above-described structure, when the mold is closed, the lower end of the top pipe 102 is held 
in close contact with the seal member 1 00 that is rigidly secured to the flange portion 1 01 a of the bottom pipe 101, 
thus enabling the heating pressure fluid to be supplied and discharged. Piping passages for supplying and dis- 
charging the heating fluid can also be automatically formed when the top movable members of the mold station 
move upwardly at the time of opening the mold, and when the manipulator C moves to the f irst or second mold pre- 
paring station D 1 or D 2 for mold change, and also when the vulcanizing operation at the mold station is resumed 
after a new mold has been carried thereto by the manipulator C. It should be noted that before the top pipe 102 is 
separated from the seal member 1 00, the circulation of the fluid in the passages is stopped and the pressure inside 
the passages is controlled by known valves (not shown) disposed at proper positions on the bottom pipe side, and 
after the completion of the contact between the lower end of the top pipe 1 02 and the seal member 1 00, the supply 
of the heating fluid is resumed by the above-described valves, as a matter of course. Since a control circuit com- 
prising valves can readily be arranged by combining known valves, detailed description thereof is omitted. 

At the time of mold change, it is necessary to effect automatic disconnection of the supply and discharge 
devices at the outer ring M-2 of the mold M at the second mold preparing station D 2 , automatic disconnection of a 
new mold when received from the first mold preparing station D 1( and automatic connection of the supply and dis- 
charge passages for the outer ring M-2 and the heating plate A-17 of the mold station to which the new mold is 
transferred. Supply and discharge devices designed for the automatic connection are similarly shown in Fig. 15. 
The outer ring M-2 of the mold M is equipped with a supply port 1 1 0 provided with a seal member 1 1 2 and a dis- 
charge port 111, which has a structure similar to that of the supply port 1 1 0 provided with the seal member 1 1 2 but 
is disposed at a proper position that is separate from the supply port 1 1 0. The lower end of the discharge port 1 1 1 
extends as far as the bottom of the circulating passage in the outer ring M-2. 

Since the supply device and the discharge device are the same in regard to the arrangement except for the 
parts upper the seal member 1 12, the following description will be made as to the supply device. A top supply pipe 
1 15 is slidably supported by a spring box 1 13 rigidly secured to the upper bolster plate A-1 5 and slide members 
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114, made of a heat insulating material, which are fixedly buried in the upper bolster plate A-15. and it is biased by 
a plurality of coned disc springs 1 1 7 so that the inner aid of the top supply pipe 1 1 5 abuts against the seal member 
1 1 2 attached to the supply port 1 10, thus enabling the seal member 1 12 and the top pipe 1 1 5 to come in contact 
with each other firmly when the outer ring M-2 of the mold M is tightly secured to the heating plate A-17 by the mold 
5 clamping devices A-20 (see Figs. 9 and 10). The upper end of the top pipe 1 1 5 is connected to the above<Jescribed 
third device by a known hose 107 through a joint. 

With the above-described arrangement, at the same time as the connection that is made by the mold clamping 
devices A-20 is canceled at the second mold preparing station D 2 , the supply and discharge devices at the outer ring 
w M-2 of the mold M are automatically disconnected. Then, the manipulator C receives a new mold at the first mold pre- 
paring station D v At the same time as connection is made by the mold clamping devices A-20, the supply and dis- 
charge devices are also automatically connected. Further, when the mold is closed after being moved to the mold 
station concerned, the movable parts of the mold are automatically connected to the corresponding parts on the sta- 
tionary side of the mold station. 

15 

Common Base Frame B: 

As shown in Figs. 1 to 6, beams B-2 are laid over the entire length of a plurality of mold stations. On the beams B- 
2, cross beams B-1 are disposed at proper positions in each mold station, and the mold stations to A 12 and the first 

20 and second mold preparing stations D 1 and D 2 are each provided upright on the cross beams B-1 . Each beam B-2 has 
a precision track member (generally known as "LM guide") B-3 rigidly secured to the top thereof. The track member B- 
3 is engaged with a bearing nut C-a-3 attached to a frame C-a-1 of the mold open-close manipulator C (described later). 
A rack B-4 (see Fig. 24) is disposed on a proper portion of the beam B-2 over the entire distance through which the 
mold open-close manipulator C moves. The rack B-4 is in mesh with a pinion C-a-5 attached to the end of the output 

25 shaft of a rotational driving device C-a-4 rigidly provided on a truck constituting the manipulator C (see Fig. 41). 

Figs. 2 to 6 and Figs. 1 6 to 20 show a positioning device which is designed so that the mold open-close manipulator 
C is positioned accurately at each of the mold stations and the first mold preparing station D v The positioning device 
comprises a pin C-a-8 that is vertically movable by a cylinder Oa-6 mounted on the truck of the mold open-close manip- 
ulator C, a guide bracket C-a-7 for the pin C-a-8, and pin guides B-5 that are secured to the common base frame B-2 

30 so as to be fitted with the pin C-a-8. The positioning device is provided on each of the front and rear ends of the truck. 
The arrangement of the positioning device is shown in Figs. 1 7 to 20. 

Mold Preparing gtatipn D: 

35 Figs. 21 to 25 are plan views of the mold preparing station (comprising a pair of first and second stations 0 A and 
D 2 ), a mold station which is adjacent to the mold preparing stations, and the common base frame B. 

Figs. 26 and 27 show the first mold preparing station D 1 which is in a state where a new mold is being heated. 
Fig. 28 shows the first mold preparing station D A which is in a state where a top heating plate 206 is about to be 
provided on or moved away from the mold. 
40 Figs. 29 to 32 show a joint portion of a top heating plate loading device, a support device for the pressure receiving 
plate M-12, and a mold lifting device, which are placed in the center of the first mold preparing station D v 
Figs. 33 to 36 show a centering device provided in the first mold preparing station D v 
Fig. 37 shows a heating fluid supply device provided in the first mold preparing station D 1 . 
As shown in Figs. 21 to 25, the mold preparing station is disposed at each or either of the two ends of a row of mold 
45 stations or at an intermediate position of the row in such a manner as to align with the center line of the mold stations 
disposed in a straight line. The mold preparing station comprises a first station and a second station D 2 . The first 
station Di is used to heat and center a new mold which is to replace an old one, while the 6eoond station D 2 is used to 
leave a mold as it is, which is carried thereto from a mold station A by the mold open-close manipulator C for replace- 
ment. In the illustrated arrangement, the first station D 1 and the second station D 2 are disposed at an intermediate posi- 
50 tion of the row of mold stations in such a way that the first and second stations and D 2 are adjacent to each other 
(where to dispose the first and second stations D 1 and D 2 is decided in accordance with various circumstances at each 
particular factory where the production system is used). The second station D 2 only needs a space and a support frame 
which are required to allow a used mold M to stand. The support frame is comprised only of a plurality of supports D 2 - 
1 of the same height which are stood on the cross beams B-1 of the common base frame B. 
55 In Figs. 21 to 25, the second station D 2 is shown in a state where a mold M is left as it is. 

The first station D 1 comprises a bottom heating device, a top heating device, a heating fluid supply device, a loader 
for the top heating device, a mold centering device, a device for operating the pressure receiving plate M-12 and lifting 
a mold, and a positioning device for the mold open-close manipulator C. 
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Referring to Figs. 26 and 27, the bottom heating device has supports 200 of the same height which are secured to 
the cross beams B-1 of the common base frame B in such a manner as to extend vertically. The bottom heating device 
comprises a bottom heating plate 203 secured to the supports 200 through a heat insulating materia! 201 and having 
therein a flow passage 202 in which a heating fluid is circulated through a known pipeline, and a heat insulating material 

5 204 attached to the outer periphery of the bottom heating plate 203. The upper end face of the bottom heating plate 203 
is at substantially the same height as that of the bottom heating plate A-7 in each mold station A. More specifically, the 
height of the bottom heating plate A-7 in each mold station A is varied in accordance with operating conditions, and 
therefore the bottom heating plate 203 in the first station is installed so that the height thereof is at a proper level 
within the range of variations of the height of the bottom heating plate A-7. Though the respective heights are different, 

io each bottom heating plate A-7 and the upper end face of the bottom heating plate 203 are parallel to each other, as a 
matter of course. The top heating device comprises a top heating plate 206 having a heating fluid circulating passage 
205 therein, a heat insulating material 207, and a connecting plate 208 secured to the top heating plate 206 through the 
heat insulating material 207. The connecting plate 208 has a block 209 buried therein which is connected to and dis- 
connected from a top heating device loader (described later). 

is Referring to Fig. 37, the top heating device is provided with heating fluid supply and discharge devices for supplying 
and discharging a heating fluid to and from the heating fluid passage 205 in the top heating plate 206 and the heating 
fluid passage M-1 1 in the outer ring M-2 of the mold M. The heating fluid supply and discharge devices have structures 
similar to those of the heating fluid supply and discharge devices in the mold stations A. 

The coordinate positions of the contact portions of the first to fourth heating fluid supply and discharge devices in 

20 the mold station A, shown in Figs. 21 to 25, with respect to the center of the mold station A are the same as the coor- 
dinate positions of the contact portions of the first to fourth heating fluid supply and discharge devices in the first mold 
preparing station D 1 with respect to the center of the first station D 1 so that when a mold M that has already been pre- 
heated and centered in the first station D 1 is moved to a mold station A with its centered state maintained, the heating 
fluid supply and discharge ports of the mold M are coincident with the corresponding ports in the mold station A. As will 

25 be clear from a comparison of Fig. 37 with Fig. 15, the arrangements of the heating fluid supply and discharge devices 
shown in Fig. 37 are so similar to those of the supply and discharge devices shown in Fig. 15 that no description is 
needed. Therefore, detailed description thereof is omitted. 

The top heating device loader is used to move the top heating device so that a mold lifting operation that is carried 
out with a forWrft or the like can be conducted above the bottom heating device when the above-described heating 

30 devices receive a new mold which is to be preheated. The loader is also designed so as not to interfere with the move- 
ment of the mold open-close manipulator C 1 or C 2 from one mold station to another even when the top heating device 
is preheating a new mold from above it. 

Figs. 21 to 25 are plan views showing the top heating device loader which is holding the top heating device in a 
position where it will not interfere with the movement of the mold open-close manipulator C. 

35 Figs. 26 and 27 show the first mold preparing station D 1 which is preheating a mold M and the loader which is in a 
position where it is disconnected from the top heating device so that the loader will not interfere with the movement of 
the mold open-close manipulator C. 

Fig. 28 shows a state where the loader which is in connection with the top heating device and the top heating device 
is about to be installed it over a mold or separated therefrom. 

4Q Figs. 30 and 31 are detailed sectional views of a device for connecting and disconnecting the loader and the top 
heating device. The loader will be described below in detail. 

The loader comprises a support 210 fixedly stood at a proper position out of the region where the mold open-close 
manipulators C ^ and pass, an arm 21 1 provided on the upper end of the support 21 0 such that the arm 21 1 is capa- 
ble of being pivoted by a known method, a known swivel driving device (not shown), and a connecting and disconnect- 

45 ing device provided on the distal end of the arm 211. The details of the connecting and disconnecting device are shown 
in Figs. 29 to 32. A slide member 21 2 is attached to the distal end of the arm 2 11 , and a tube 2 1 3 is slidably fitted in the 
slide member 212. The tube 213 is driven to slide by cylinders 214 stood at proper positions on the arm 21 1 . A cylinder 
215 is mounted at a proper position inside the tube 213. A plate 216 is attached to the rod end of the cylinder 215. and 
guide rods 218 are in thread engagement with the plate 216. The guide rods 218 are guided by respective slide mem- 

so bers 217 provided in the tube 213. The other ends of the guide rods 218 are threaded into a block 219. A cover plate 
220 is thread-engaged with the block 21 9 and has a slide member 222 provided in its center for guiding a lock shaft 221 . 

A spring box 223 is disposed in the block 219, and coned disc springs 224 are accommodated in the area between 
the spring box 223 and the cover plate 220. The spring box 223 has a slide member 225 that enables the spring box 
223 to be slidable in the block 219, and a slide member 226 provided in the center of the spring box 223 for guiding the 

55 lock shaft 221. 

A stopper tube 227 is provided on the side of each guide rod 218 which is closer to the block 219. In addition, a 
plate 229 is slidably fitted on the guide rods 218 through slide members 228 serving as guides, and a spring 230 is 
incorporated in between the plate 216 and the plate 229. 



11 



EP 0 510 332 B1 

A known crank and rocker cylinder 231 is secured to the lower side of the plate 229, and the lock shaft 221 is 
secured to the end of the output shaft of the cylinder 231 through flanges 232 and 233. 

The lower end portion of the lock shaft 221 is arranged in the same way as in the case of the damp rod A-20d 
shown in Fig. 9 so that it can be engaged with and disengaged from a block 208-a buried in the connecting plate 208. 

5 By virtue of the above-described structure, when the block 21 9 is pressed by the cylinder 215 through the plate 216 
and the guide rods 21 8 in the state shown in Fig. 30, the coned disc springs 224, which are preloaded, can be deflected, 
so that the tension that has been applied by the upper step portion of the lock shaft 221 and the oval projection at the 
lower end thereof is canceled, thus enabling the lock shaft 221 to be readily rotated by the operation of the cylinder 231 . 
As the cylinder 231, there is a known type that rotates 90° accurately, and it is therefore possible to bring the oval pro- 

10 jection at the end of the lock shaft 221 into and out of engagement with the oval groove provided in the block 208-a by 
allowing the phase of the projection to be in and out of phase with each other. 

The spring 230, which is provided for safety, functions in such a manner that if the oval projection at the end of the 
lock shaft 221 approaches the oval groove in the block 208-a in an out-of-phase state, the spring 230 is deflected to 
thereby protect each portion from an excessive load. The spring 230 is also used to sense an abnormal movement of 

is the plate 229 with a limit switch or the (ike (not shown) to thereby stop the approaching operation effected by the cylin- 
ders 214. 

According to the above-described arrangement of the loader, the loader can pivot between the central position in 
the first mold preparing station D 1 and the stand-by position. In addition, it is possible to disconnect the loader from the 
top heating device after the latter has been installed over a mold M and to move the arm 21 1 of the loader to the stand- 
so by position, if necessary. It is also possible to move the top heating device from the mold M to the stand-by position by 
the arm 211. 

Next, the mold centering device will be explained. 

Fig. 33 shows the mold centering device which is in a state where a mold M is lifted by a forWift or the like. Fig. 34 
shows the mold centering device which is in a state where centering has been completed. Rg. 35 is a view of the mold 

25 centering device seen from the center of the mold toward the outside. The left-hand side of Fig. 35 corresponds to Rg. 
33, while the right-hand side corresponds to Fig. 34. The upper half of Rg. 36 shows the mold centering device which 
is in the state corresponding to Rg. 33, while the lower half of Rg. 36 shows the mold centering device which is in the 
state corresponding to Rg. 34. 

A total of three mold centering devices are disposed as shown in Rg. 21 . A bracket 300 is secured to the bottom 

so heating plate 203 through a heat insulating material 201, and isometric links 303. 304, 305 and 306 are pivotably 
attached to the bracket 300 through rods 301 and 302, the links being connected to a centering block 31 1 by pins 307, 
308, 309 and 310 such that the links and the centers of the rods define a parallelogram. 

The centering block 31 1 has slant surfaces 31 1 a and 31 1b on the side thereof which is closer to the center of the 
mold M, as shown in Fig. 36, so that the slant surfaces 31 1a and 31 1b can engage with slant surfaces M-10a and M- 

35 1 0b provided on a projecting portion of the bottom plate M-1 0 of the mold M (see the lower half of Fig. 36). The center- 
ing block 31 1 is connected to a plate 318 through pins 312 and 313 provided on the lower portion of the centering block 
31 1 and through isometric links 314 and 315 and pins 316 and 317. The plate 318 is connected to the end of the output 
shaft of a cylinder 319 that is secured to the bracket 300. In addition, a non-oriented bearing 320, which is generally 
known as "free bearing", is secured to the upper side of the plate 318. Side portions 31 1c and 31 1d of the centering 

40 block 3 1 1 are guided by side plates 32 1 and 322 secured to the bracket 300 so that the centering block 3 1 1 slides accu- 
rately. With this arrangement, the bottom plate M-10 of the mold M suspended by a fbrklift or the like is supported by 
the free bearing 320 in such a manner as to be movable in any direction, as shown in Fig. 33, which illustrates the mold 
centering device in a state where the bearing 320 is raised above the upper end lace of the bottom heating plate 203. 
If, in this state, the plate 31 9 and the bearing 320 are lowered by the cylinder 319, the centering block 31 1 lowers with 

45 the slant surfaces 311a and 311b abutting against the slant surfaces M-10a and M-10b of the bottom plate M-10, 
thereby centering the mold M on the bearing 320 with ease. Eventually, the slant surfaces of the mold M abut against 
the corresponding slant surfaces of the three centering devices, thus completing the mold centering operation, as 
shown in the lower half of Fig. 36. More specifically, since the slant surfaces of the three centering devices are set at 
respective positions which are equidistant from the center of the first mold preparing station D t and the center lines of 

so the slant surfaces are coincident with the center of the mold M, it is possible to center the mold M with high accuracy. 

Device for Operating P ressure Receiving Plate and Lifting Mold: 

This device is used in the mold preparing station D to lift and lower the pressure receiving plate M-1 2 in the mold 
55 M which is carried to the station D and also to raise the whole mold M to a level convenient for delivery of the mold M 
completely preheated at the mold preparing station D to the mold open-close manipulator C. 

Figs. 25 to 27 show a state where the upper end part of the mold clamping device is installed above the mold M 
and the pressure receiving plate M-1 2 is placed in contact with the ifjper side mold member M-5 which is under heat- 
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ing. Accordingly, the pressure receiving plate M-12 is also heated through the area of contact with the mold M. 

Fig. 28 shows a state where the loader is about to install or remove the top heating device onto or from the mold M. 

The left-hand halves of Figs. 29 to 32 show a state where the pressure receiving plate M-12 is placed in contact 
with the upper side mold member M-5, while the right-hand halves of these figures show a state the pressure receiving 
s plate M-12 that is placed on the lower side mold member M-8 of the mold M is pushed to reach the state shown in the 
left-hand halves of the figures. 

Referring to Figs. 25 to 27, the common base frame B is disposed in the center of the first mold preparing station 
D v The common base frame B has a plurality of guide tubes 401 stood on a plate 400 secured to proper portions of 
the cross beams B-1 , rods 402 that are guided by the guide tubes 401 , and a lifting block 403 attached to the upper 
10 ends of the rods 402, the block 403 having a diameter larger than the inner diameter of the bottom plate M-10 of the 
mold M. 

The block 403 is secured to the ends of the output shafts of a plurality of hydraulic cylinders 404 stood on the plate 
400 such that the block 404 is movable vertically by being guided through the rods 402 and the tubes 401 . A pneumatic 
cylinder 405 is rigidly secured to the upper side of the block 403. A flange 406 is provided on the upper end of the output 

75 shaft of the pneumatic cylinder 405 so that when the cylinder 405 extends, the flange 406 causes the pressure receiving 
plate M-12 to abut against the upper side mold member M-5, whereas, when the cylinder 405 contracts, the flange 406 
leaves the pressure receiving plate M-12 on the lower side mold member M-8. 

In the second mold preparing station D 2 , a cylinder that is the same as the air cylinder 405 is installed on the cross 
beams B-1, and a flange that is similar to the flange 406 is attached to the upper end of the rod of the cylinder. Thus, 

20 when the mold open-close manipulator C installs a mold M in the second station D 2 , the cylinder is expanded to cause 
the flange to abut against the pressure receiving plate M-12, and thereafter, the rod M-13 of the pressure receiving plate 
M-12 is disconnected, and the cylinder is then lowered, thereby enabling the pressure receiving plate M-12 to be low- 
ered onto the lower side mold member M-8. 

25 Mold Ooen-Close Manipulator C: 

Figs. 2 to 6 show a state where either the first mold open-close manipulator C 1 or the second mold open-close 
manipulator Cs is disposed at any one of the mold stations A 1 to A 12 . The left-hand halves of these figures show a state 
where the mold operating device provided on the manipulator C is connected to the mold M in the mold station A and 
30 the mold M is closed, while the right-hand halves of the figures show a state where the mold M is opened by the manip- 
ulator C. 

Figs. 16 to 20 are front views showing the general arrangement of the manipulator C. 

Figs. 39 to 42 show the general arrangement of the manipulator C as seen from the direction of travel thereof. 

Figs. 43 to 47 are plan views of the first manipulator C t and the second manipulator C2 respectively placed at mold 
35 stations A which are adjacent to each other. 

In these figures, the first manipulator Cj is shown as seen from the arrow Q-Q in Fig. 40, while the second manip- 
ulator C 2 is shown as seen from the arrow P-P in Fig. 5. For the second manipulator C 2 , the following four positions are 
shown by one-dot chain lines: the first position (the center of mold station) that is reached immediately before the com- 
pleted tire is removed by the unloader; the second position where the completed tire is being discharged; the third posi- 
40 tion where the completed tire is discharged; and the fourth position, which is the stand-by position assumed by the 
second manipulator C 2 when traveling. 

In addition, for the second manipulator C2, the following four positions are shown by one-dot chain lines: the first 
position that is reached immediately before a green tire is loaded by the loader; the second position where the green 
tire is being loaded; the third position where the loader is in the center of the mold; and the fourth position, which is the 
45 stand-by position assumed by the second manipulator C 2 when traveling. 

Figs. 48 to 50 show a state where movable parts of the manipulator C are disconnected from the corresponding 
parts of the mold station A, while Figs. 51 to 53 show a state where the movable parts of the manipulator C are con- 
nected to the corresponding parts of the moid station A. The first manipulator and the second manipulator C 2 , which 
constitute the mold open-close manipulator C, have the same arrangement and are controlled individually in operation. 
50 Reference symbol C-xx will be used in the following description of the arrangement of the manipulator C. 

The mold open-close manipulator C comprises a frame and travel driving device C-a, a vertical movement guide 
and driving device C-b, a device C-c for connection with and disconnection from the vertical movable parts in each mold 
station A, a bead lock mechanism Od for installing the upper bead of a green tire on the upper bead of the mold M, a 
green tire loader C-e that holds a green tire and delivers it to the carcass bead loader, a green tire transfer device Of 
55 that transfers a green tire from a green tire rest to the green tire loader C-e, and a tire unloader C-g that removes the 
completed tire from the tire mold M and discharges it to a known conveyor. 
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Frame and Travel Device C-a (see Fios. 16 to 20 and 39 to 42V 

The frame comprises a bottom frame C-a-1 that is designed so that it can smoothly pass the upper breach lock cyl- 
inder A-14, the lower breach lock cylinder A-4, etc. in each of the mold stations A<\ to A 12 which are closed to effect a 

5 vulcanizing operation when the manipulator C travels by being guided by the straight track members B-3 on the com- 
mon base frame B, and a top frame C-a-2 that is designed so that the vertically movable parts can be raised and low- 
ered with high accuracy. The bottom frame C-a-1 is provided with four bearings C-a-3 engaged with the straight track 
members B-3. a pinion C-a-5 secured to the output shaft of a rotational driving device C-a-4 secured to a proper portion 
of the bottom frame C-a-1 , the pinion C-a-5 being in mesh with the rack B-4 provided on the common base frame B, 

w and a lock pin Oa-8 that is vertically moved by a cylinder C-a-6 and a guide block Oa-7, which are rigidly provided in 
a proper portion of the bottom frame C-a-1 , with respect to a positioning block disposed for each mold station A. 

The bottom frame Oa-1 is provided with the green tire loader C-e and the tire unload er C-g, as shown in Figs. 39 
to 47 (the green tire loader C-e and the tire unloader C-g will be detailed later). The top frame C-a-2 is provided with the 
green tire transfer device C-f and the vertical movement guide and driving device C-b. 

is The top frame C-a-2 has two parallel straight track members C-b-1 that are laid on the opposing vertical surfaces 
of the top frame C-a-2 in opposing relation to each other, brackets C-b-3 rigidly provided on a bolster plate C-b-2, bear- 
ings C-b-4 engaged with the track members C-b-1 and secured to the brackets C-b-3, and hydraulic cylinders C-b-5 rig- 
idly secured at the output shaft ends thereof to the bolster plate C-b-2. The other ends of the hydraulic cylinders C-b-5 
are secured to proper portions of the top frame C-a-2. 

20 A known hydraulic pressure generating device C-b-6 is provided on a proper portion of the top frame C-a-2. 

The connecting and disconnecting device C-c has the above-described members C-c-1 to C-c-9 and C-c\ which 
are provided on the bolster plate C-b-2. 

In addition, a tube C-c-1 0 is secured to the center of the bolster plate C-b-2 in such a manner as to extend vertically, 
and a slide member C-c-1 1 is disposed at the lower end of the tube C-c-1 0, as shown in Figs. 40 and 49. The connect- 

25 ing and disconnecting device C-c further has a tube C-c-1 3 that is connected to the end of the output shaft of a hydraulic 
cylinder C-c-12 provided at the upper end of the tube C-c-10, a block C-c-14 secured to the tube C-c-13, a connecting 
tube C-c-1 5 rotatably engaged with the block C-c-14 and having on the lower end thereof intermittent teeth meshed with 
the intermittent teeth formed on the ring M-7 of the mold M installed in the mold station A, a circular gear C-c-1 6 pro- 
vided on the upper end of the tube C-c-1 5, and a rotational driving device C-c-1 8 rigidly provided on a proper portion of 

30 the tube C-c-13 and having a pinion C-c-1 7 on the end of the output shaft thereof, the pinion C-c-1 7 being meshed with 
the gear C-c-1 6. 

The respective intermittent teeth of the ring M-7 and the connecting tube C-c-1 5 can be connected and discon- 
nected as desired by rotating the tube C-c-1 5 with the driving device C-c-1 8 when the bolster plate C-b-2 of the manip- 
ulator C is placed in contact with the upper bolster plate A-15 of the mold station A (see Figs. 51 to 53). The 
55 configurations of the intermittent teeth are determined so that when these teeth are in connection with each other, force 
for lowering and force for raising can be transmitted to the ring M-7 from the tube C-c-1 5 by the operation of the hydrau- 
lic cylinder C-c-12. 

Bead Lqqk Mechanism C-c»: 

40 

Japanese Patent Laid-Open (KOKAI) No. 02-200405 (1990) discloses a tire vulcanizer which is designed for the 
conventional vertical action type hydraulic press, whereas the present invention proposes an arrangement in which a 
bead lock mechanism is provided on the bolster plate C-b-2 of the mold open-close manipulator C so as to be usable 
in common for a plurality of mold stations. 
45 Figs. 48 to 50 show the bead lock mechanism that is incorporated in the tube C-c-1 3 and the connecting tube C-c- 
15 of the connecting and disconnecting device. A lifting cylinder C-d-1 is mounted in the tube C-c-13. 

Guide rods C-d-2 guide vertical movement caused by the lifting cylinder C-d-1. A guide plate C-d-5 is supplied by 
six tie rods C-d-4 attached to a plate C-d-3 that is in turn attached to the lower ends of the lifting cylinder C-d-1 and the 
guide rods C-d-2. 

so In addition, chucks C-d-6 are guided by the guide plate C-d-5. The chucks C-d-6 each having a sector C-d-7 
retained thereon by a spring C-d-8 are slidable on the guide plate C-d-5. This sliding motion is effected by a chuck open- 
close cylinder C-d-9 through links C-d-1 2 to open or close the chucks C-d-6. At this time, the degree of opening of the 
chucks C-d-6 may be adjusted by making the chucks C-d-6 abut against the bead portion of the green tire or by adjust- 
ing the stroke of the cylinder C-d-9 by use of a known controller. 

55 Figs. 48 to 50 show a state where a tire vulcanizing opeation is under way. in which the bladder A- 1 3a is disposed 
at the inner side of the vulcanized tire T and retained by a center post A-1 3f of the bladder actuating mechanism A-1 3, 
and the tire mold members M-4. M-5 and M-8 are disposed outside the vulcanized tire T. 
Fig. 54 is a sectional view seen from the arrow R-R in Fig. 50. 



14 



EP 0 510 332 B1 

There are a total of six sets of chuck C-d-6 and sector C-d-7 on the guide plate C-d-5. The pivotaJ portion of each 
link C-d-1 2 is retained by guide brackets C-d-10 through a pin C-d-1 1 . 

Figs. 55 and 56 show in detail a chuck C-d-6 having a sector retained thereon. 

The sector C-d-7 is retained in a neutral position on the chuck C-d-6 by the spring C-d-6 attached to a pair of upper 
5 and lower spring retainers C-d-1 3. 

The operations of the sector C-d-7 and the spring C-d-8 will be explained with reference to Figs. 57 and 58. 

The upper bead Tg-1 of the green tire Tg that is retained by the sector C-d-7 is pushed into the top bead ring M-5 
by the end of the chuck C-d-6 when pushed up by the raising force from the bead lock lifting cylinder C-d-1 with the 
spring C-d-8 being expanded. The lower bead Tg-2 of the green tire Tg is similarly inserted into the bottom bead ring 
w M-8 by the lowering force from the bead lock lifting cylinder C-d-1 . 

A lock cylinder C-d-1 4, generally known as "lockup cylinder", is secured to the center of the guide plate C-d-5, and 
a guide pin C-d-15 is provided on the upper end of the cylinder C-d-1. The guide pin C-d-15 is engaged with a slide 
member C-d-1 7 in the center of a distal end block C-d-1 6 of the cylinder C-d-9, thereby guiding the distal end block C- 
d- 16 accurately. The guide plate C-d-5 has a bore in the center thereof to allow a rod M-13 to pass therethrough which 
is is stood on the center of the pressure receiving plate M-12 engaged with the mold member M-5 so that when the top 
clamp member A-13b of the bladder actuating mechanism A- 13 is pressed upwardly by the pressure inside the bladder 
A- 13a, the mold member M-5 bears this upward force. 

The rod M-13 is allowed to pass through the lock cylinder C-d-1 4 freely when a pressure fluid is supplied to the cyl- 
inder C-d-14. When the supply of the pressure fluid is cut off, the cylinder C-d-14 holds the rod M-13. 
20 By virtue of the above-described arrangement while the bladder A-13a is being supplied with a heating fluid to vul- 
canize the tire T, as shown in Figs. 48 to 50, the pressure receiving plate M-12 is engaged with the tire mold member 
M-5 so that the force acting on the bladder clamp member A-13b owing to the pressure inside the bladder A-13a can 
be born by the mold member M-5. 

When the manipulator C is brought to the state shown in Fig. 48 to perform a mold opening operation at a mold 
25 station A, if the lock cylinder C-d-14 is placed in an unlock state by the pressure fluid, the rod M-13 can pass through 
the lock cylinder C-d-14 freely when the bolster plate C-b-2 of the manipulator C lowers to abut against the bolster plate 
A-15 in the mold station A, as shown in Fig. 51 . 

When the supply of the pressure fluid is cut off thereafter, the lock cylinder C-d-14 holds the rod M-13, so that the 
rod M-13 is united with the guide plate C-d-5. Even when the bladder A-13a is brought to the state shown in the right- 
30 hand half of Fig. 2 from the state shown in the left-hand half of the figure thereafter by executing a known procedure, 
the pressure receiving plate M-12 can be kept secured to the guide plate C-d-5. Further, when a green tire is to be 
loaded and installed after the completed tire has been removed by executing a predetermined procedure, the chuck 
assembly of the bead lock device and the pressure receiving plate M-12 can be lowered below the tire mold member 
M-5 (see Fig. 59). 

35 

Qregn Tirg Lp^er C-y 

The green tire loader C-e is mounted on the bottom frame C-a-1 of the manipulator C at the position shown in Figs. 
39 to 47. The green tire loader C-e has three shoes C-e-1 formed to support the tread shoulder portion of the green tire 

40 Tg, and a guide plate C-e-2 having known guide grooves (not shown), with which the shoes C-e-1 are engaged. The 
guide plate C-e-2 is provided with pneumatic cylinders and shoe open-close links (not shown) so that the shoes C-e-1 
can be opened and closed by the cylinders under control so as to conform to the size of a green tire received. Thus, a 
known loader basket assembly is adopted in the present invention. A first arm C-e-5 is pivotably attached through a pin 
C-e-4 to a bracket C-e-3 that is rigidly secured on the frame C-a-1 , and a second arm C-e-7 is pivotably attached to the 

45 first arm C-e-5 through a pin C-e-6. The loader basket assembly is provided on the distal end of the second arm C-e- 
7. A cylinder C-e-8 is used to pivot the first arm C-e-5, while a cylinder C-e-9 is used to pivot the second arm C-e-7. The 
control of the four positions shown in Figs. 43 to 47 is executed by combination of extension and contraction of the two 
cylinders C-e-8 and C-e-9: 

50 



Center of Loader Basket 


Cylinder C-e-8 


Cylinder C-e-9 


First position 
Second position 
Third position 


Contraction 

Extension 

Extension 


Extension 
Extension 
Contraction 
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(continued) 



Center of Loader Basket 


Cylinder C-e-8 


Cylinder C-e-9 


Fourth position 


Contraction 


Contraction 



5 

The third position is coincident with the center of the moid M in the mold station A. The first position is coincident 
with the respective centers of the green tire rest E and the green tire transfer device C-f. The fourth position is assumed 
by the loader basket during the time when the manipulator C is moving between mold stations A and during the time 
when the green tire transfer device C-f (described later) receives a green tire from the green tire rest E and moves 
70 above the green tire loader C-e. 

Green Tire Transfer Device C-f: 

The green tire transfer device C-f is rigidly provided on a proper portion of the frame C-a-2 of the manipulator C 
is such that when the manipulator C is at rest in a mold station A, the device C-f is coincident with the center of the green 
tire rest E in the station A. The green tire transfer device C-f comprises a plurality of shoes C-f-1 each having a config- 
uration suitable for holding the upper bead portion of the green tire Tg from the inner side thereof, a guide plate C-f-2 
arranged to enable the shoes C-f-1 to expand and contract radially and synchronously, and a driving cylinders for the 
open-close operation, together with links, which are not shown. Thus, a known basket assembly is formed. 
20 The basket assembly is attached to the lower end of the rod of a cylinder C-f-3 vertically provided on the frame C- 
a-2. Accordingly, the following operation can be effected: That is, while the manipulator C is removing the tire from the 
mold M at a mold station A according to a predetermined procedure, the basket assembly of the transfer device C-f low- 
ers with the shoes C-f-1 contracted so as to have a diameter smaller than the inner diameter of the bead portion of the 
green tire Tg on the green tire rest E, holds the green tire Tg and then moves upward with it Thereafter, the basket 
25 assembly of the green tire loader C-e is moved from the fourth position to the first position, and subsequently the trans- 
fer device C-f lowers to install the green tire Tg on the shoes C-e-1 of the green tire loader basket assembly. 

Tire Unloader C-g: 

30 The tire unloader C-g for the completed tire Tc is mounted on the bottom frame C-a-1 of the manipulator C at the 
position shown in Figs. 39 to 47. The unloader C-g is used to separate the completed tire Tc from the tire mold member 
M-8 by holding the upper bead portion of the tire Tc and moving upward, and it is also used to discharge the tire Tc onto 
a roller conveyor G that transfers the tire Tc to a belt conveyor F of the factory at a position outside the mold M. The 
unloader C-g comprises a plurality of shoes C-g-1 designed to be suitable for holding the tire bead portion from the 

35 inner side thereof, and a guide plate C-g-2 having known guide grooves (not shown), with which the shoes C-g-1 are 
engaged. In addition, pneumatic cylinders and shoe opening and closing links, which are not shown, are provided on 
the guide plate C-g-2 so that the shoes C-g-1 are opened and closed by the cylinders. Thus, a known unloader basket 
assembly is adopted. 

The tire unloader C-g includes a straight track C-g-3 rigidly provided on the frame C-a-1 , bearings C-g-4 engaged 
40 with the track C-g-3, a bracket C-g-5 attached to the bearings C-g-4, a hydraulic cylinder C-g-6 that enables the bracket 
C-g-5 to move vertically on the straight track C-g-3, a first arm C-g-8 pivotably attached to the bracket C-g-5 through a 
pin C-g-7, and a second arm C-g-10 pivotably attached to the first arm C-g-8 through a pin C-g-9. The unloader basket 
is secured to the distal end of the second arm C-g-10. 

Although not shown, cylinders are provided for the first arm C-g-8 and the second arm C-g-10, respectively, so that 
45 these arms can be pivoted individually, in the same way as in the case of the green tire loader C-e. Thus, the tire 
unloader C-g is movable between the following four positions in accordance with the combination of the two cylinders: 
the first position which is coincident with the center of the mold M; the second position which is assumed in the middle 
of the tire discharging operation; the third position which is the tire discharge position; and the fourth position which is 
a stand-by position for the tire unloader C-g during the time when the manipulator C is moving between mold stations 
so A. At the first and third positions, the tire unloader C-g can be moved up and down by the operation of the cylinder C- 
g-6. 

The operation of the apparatus according to the present invention will be explained below for each of the following 
items: 

55 (1) The operation for a tire production process including operations of opening and closing a mold at each mold sta- 
tion, loading of a green tire, unloading of the completed tire, etc. 

(2) The operation of removing a mold which is to be replaced from the mold station, transferring it to the second 
mold preparing station and leaving it there as it is. 
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(3) The operation of transferring a moid which has already been preheated from the first moid preparing station to 
a mold station, installing it there and making preparations for a tire production operation. 

(4) The operation of installing a new mold in the first mold preparing station and preheating it at the time of mold 
change. 

(1) The operation for a tire production process at each mold station: 

(a) At each mold station, known vulcanization control is individually executed by a program controller. The state 
of progress at each mold station is reported to a centralized control board from each program controller every 
moment The centralized control board executes computation in order to efficiently use two mold open-close 
manipulator, and issues instructions for movement accurately in response to a request fa a mold open-close 
operation from each mold station. When an instruction concerning a mold station that needs moid change and 
a timing instruction are input these instructions are automatically incorporated into the control of use of the 
manipulators, thus enabling efficient use of the mold open-close manipulators. 

(b) During the above-described operation, a manipulator moves at the request of a mold station and stops at 
this station. After it has stopped, the pin C-a-8 on the frame C-a-1 is fitted into the positioning block B-5 on the 
common base B, thereby allowing the center of the manipulator to align with the center of the mold station with 
high accuracy. 

(c) Thereafter, the upper bolster plate C-b-2 of the manipulator lowers at a proper timing to come in contact with 
the upper bolster plate A-15 of the mold station. Thereafter, the connecting device C-c* is activated to connect 
together the upper bolster plate C-b-2 and the upper bolster plate A-15. 

Further, the connecting tube C-c-15 and the ring M-6 in the mold station are connected together. In addi- 
tion, the rod M-13 in the mold station and the lock cylinder C-d-14 are connected together. In the meantime, 
the heating fluid is evacuated from the bladder A-13a, and the bladder A-13a is separated from the tire and 
accommodated in the accommodating tube A-13d. The pressure cylinders A-5 are evacuated of the pressure 
fluid to remove the mold clamping force, resulting in a slight gap between the engaged intermittent teeth of the 
breach lock tubes A-4 and A-14. Thereafter, the lower breach lock tube A-4 is rotated to disengage the upper 
and lower intermittent teeth from each other. 

(d) The manipulator lowers the connecting tube C-c-15 with the cylinder C-c-12 and, while doing so, it raises 
the bolster plate C-b-2 with the cylinders C-b-5. As a result, the mold M is opened with the mold members M- 
8, M-9 and M-10 left on the bolster plate A-7 in the station, as shown in the right-hand half of Fig. 2 (no tire is 
shown). 

(e) After the mold M has been split satisfactorily, the basket assembly of the tire unloader C-g is moved to the 
center of the mold M and lowered to hold the bead portion of the tire with the shoes C^g-1 from the inner side 
thereof. Then, the tire unloader C-g moves upward to separate the tire from the mold member M-8 and moves 
to the discharge position, where the shoes C-g-1 are activated to release the tire onto the discharge conveyor 
G, thus completing the removal of the completed tire. Thereafter, the unloader is moved to the stand-by posi- 
tion. 

(0 During the period of time elapsed from the moment the manipulator stops at the mold station until the com- 
pleted tire removing operation is started, preparations for loading of a green tire have been completed in front 
of the press. 

More specifically, after the manipulator has stopped, the basket assembly of the green tire transfer device 
C-f lowers and holds the upper bead portion of a green tire on the green tire rest E from the inner side thereof, 
and in this state, the basket assembly moves upward. Thereafter, the basket assembly of the green tire loader 
C-e is moved from the stand-by position to a position directly below the basket assembly of the transfer device 
C-f. Subsequently, the transfer device C-f lowers to transfer the green tire to the basket of the green tire loader 
C-e and then moves upward. Thus, the green tire loading preparations are completed. 

(g) The completed tire is carried out by the tire unloader C-g, and the green tire loader is moved to the mold 
center position at a timing when there is no interference with the loading of the green tire. 

(h) When the green tire is brought to the mold center position, the bead lock device Od is lowered by the cyl- 
inder C-d-1 to a position which is convenient for the bead lock device C-d to receive the upper bead portion of 
the green tire, that is, the position shown in Fig. 59. 

(i) Thereafter, the chucks C-d-6 are activated to open until the sectors C-d-7 abut against the inner periphery 
of the upper bead portion of the green tire, thereby centering the green tire. Thereafter, the bead lock device 
C-d moves upward to install the upper bead portion of the green tire to the bead mold member of the tire mold. 
At a proper timing during this upward movement, the green tire loader is returned to the stand-by position from 
the tire mold center position. Upon completion of the installation of the upper bead portion, the bead lock 
device C-d executes installation of the lower bead portion. 
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During this operation, the manipulator lowers the bolster plate C-d-2 only for a part of the entire stroke. 
Since the operation that is carried out from the time when the upper bead portion is installed until the lower 
bead portion is installed is detailed in Japanese Patent Laid-Open (KOKAI) No. 02-200405 (1990), description 
thereof is herein omitted. After the completion of installation of the upper and lower bead portions, the bladder 
A-13a is supplied with the pressure fluid, and the upper and lower bladder clamp rings A-13b and A-13c are 
raised to insert the bladder A-13a into the green tire. At a proper timing during the operation of allowing the 
bladder A-13a to come out of the accommodating tube A-13d, the bead lock device Od is folded and accom- 
modated such that the pressure receiving plate M-12 abuts against the upper side mold member M-5. After the 
bladder A*13a has been inflated completely, the bolster plate C-b-2 of the manipulator is lowered by the cylin- 
ders C-b-5 while pressing back the cylinder C-c-12, thus dosing the mold completely. Upon completion of the 
mold closing operation, the constituent elements are placed in the state shown in the left-hand half of Fig. 2 
and Fig. 51. Since the operation that is carried out from the time when the inflation of the bladder A-13a is 
begun until the bead lock device C-d is accommodated is detailed in Japanese Patent Laid-Open (KOKAI) No. 
02-200405 (1990), description thereof is omitted. 

Q) After the moid has been closed by the bolster plate C-b-2, the breach lock tube A-4 is rotated so that the 
respective intermittent teeth of the breach lock tubes A-4 and A- 14 are engaged with each other. Next, the 
pressure cylinders A-5 press the lower bolster plate A-7, thereby clamping the mold between the upper bolster 
plate A- 15 and the lower bolster plate A-7. 

(k) When the clamping of the mold by the bolster plate C-b-2 is completed, the heating fluid supply and dis- 
charge devices for the upper heating plate A-17 and the outer ring M-2 have already been connected together, 
and the supply of a heating fluid has already begun. 

(I) At a proper timing after the mold clamping by the pressure cylinders A-5 has begun, the connecting device 
C-C, the connecting tube C-c-1 5 and the upper ring M-7 are disconnected, while the rod M-13 and the lock cyl- 
inder C-d-14 are disconnected, and the bolster plate C-b-2 is disconnected from the upper bolster plate A-15 
for the mold M and then moves upward. 

(m) Before the bolster plate C-b-2 reaches the upper limit of its travel, the positioning pin C-a-8 of the manipu- 
lator is disengaged from the block B-5. 

(n) After the bolster plate C-b-2 has reached the upper limit and the pin C-a-8 has been disengaged, the 
manipulator moves to another mold station for the next mold open-close operation in response to instructions 
from the centralized control board. When stopping at the second station, the manipulator is positioned there in 
the same way as the above. 

(o) Thereafter, similar operations are successively executed at other mold stations, thereby executing produc- 
tion of tires. The supply of green tires onto the green tire rest E may be carried out by a proper method. 

(2) The operation of removing a mold which is to be replaced from a mold station, transferring it to the second mold 
preparing station and leaving it there as it is: 

(a) The centralized control board is instructed about a mold station which needs mold change and a designated 
time for replacement or a designated number of tires to be produced. Time at which heating of a new mold 
should be started is determined by calculating backward on the basis of the designated time for replacement 
or the replacement time calculated from the designated number of tires to be produced. Since the time required 
for a mold to heat up can be found in advance, it is calculated for each of various kinds of mold. Instructions 
are issued for the mold preparing section to prepare a mold in advance of the heating starting time calculated, 
and the mold preparing section carries a mold to the first mold preparing station at proper time before the heat- 
ing starting time to preheat the mold until the time for replacement of the old mold. 

(b) When the completed tire is discharged upon completion of the production of the final tire at a mold station 
where mold change should be executed, a mold changing operation is started. No green tire is loaded any 
longer, the mold that has been opened to discharge the tire is temporarily dosed. When the bolster plate C-b- 
2 lowers to close the mold (the upper and lower breach lock tubes A-4 and A-14 are not locked), the mold 
clamping devices A-21 are unlocked to disconnect the lower bolster plate A-7 and the bottom plate M-10 of the 
mold M. When the bolster plate C-b-2 of the manipulator moves upward with the connecting tube C-c-1 kept in 
the connected state and with the top plate M-6 of the mold M raised, since the mold M is closed and the hooks 
of the segments M-3 are engaged with the bottom plate M-10 of the mold M, the mold members M-8, M-9 and 
M-10, which are held by the segments M-3, are separated from the lower bolster plate A-7 of the mold station 
and moved upward. 

(c) Before the manipulator reaches the upper limit of its vertical movement, the pin C-a-8 of the frame C-a-1 is 
disengaged from the block B-5. Then, the manipulator is moved to and stopped at the second mold preparing 
station. 



18 



EP 0 510 332 B1 



(d) After the manipulator has stopped, the bolster plate C-b-2 lowers until the bottom plate M-10 of the mold M 
abuts against the supports D 2 -1 of the second mold preparing station. 

(e) The driving devices C-c are connected to the connecting devices on the upper bolster plate A-15, and the 
upper bolster plate A-15 and the outer ring M-2 of the mold M are disconnected. In the meantime, in the center 
of the second mold preparing station the distal end flange of the cylinder provided vertically on the cross 
beams B-1 is brought into contact with the pressure receiving plate M-1 2 of the mold M. Then, the lock cylinder 
C-d-14 unlocks the rod M-1 3 of the pressure receiving plate M-1 2. Subsequently, the connecting plate C-c-15 
is rotated to disengage from the upper ring M-7. 

(f) When the bolster plate C-b-2 moves upward after all the above-described connected members have been 
disconnected, the mold M is left as it is. Thus, the bolster plate C-b-2 moves upward together with the upper 
bolster plate A-15, the upper breach lock tube A-14 and the top heating plate A-17, which have been carried 
from the mold station and attached thereto. 

(g) Thereafter the manipulator moves to the first mold preparing station to receive a new mold which has 
already been centered and preheated completely. 

(3) The operation of transferring a mold which has already been preheated from the first mold preparing station to 
a mold station, installing it there and making preparations for a tire production operation: 

(a) At a proper timing during the operation in which the manipulator removes the mold from the mold station 
after completion of the preheating of the new mold, the loader at the first mold preparing station is moved from 
the stand-by position to the position directly above the mold in the first mold preparing station and connected 
to the top heating device installed over the mold. Then, the loader moves upward to separate the top heating 
device from the mold. Thereafter, the loader is moved to the stand-by position. 

(b) The manipulator leaves the tire mold M in the second mold preparing station and then moves to the first 
mold preparing station where it is positioned to receive the mold that has already been centered and preheated 
completely. 

(c) At the same time as the bolster plate C-b-2 of the manipulator lowers, the mold M is lifted by the mold lifting 
device at the first mold preparing station. 

(d) The mold M is raised until the top plate M-6 and the outer ring M-2 of the mold M abut against the top heat- 
ing plate 206 of the manipulator. Thereafter, connection is made between the connecting tube C-c-15 and the 
upper ring M-7, between the mold clamping devices A-20 and the outer ring M-2, and between the lock cylinder 
C-d-14 and the rod M-13 of the pressure receiving plate M-12. 

(e) Thereafter, as the bolster plate C-b-2 moves upward, the mold M in the first mold preparing station is raised 
together with it. At this time, the cylinder C-c-1 2 functions to raise the mold M so that the hooks of the segments 
M-3 of the mold M will not disengage from the engagement grooves of the bottom plate M-10, as a matter of 
course. 

(f) Before the bolster plate C-b-2 reaches the upper limit of its travel, the positioning pin C-a-8 is disengaged 
from the block B-5, and after the bolster plate C-b-2 has been raised completely, the manipulator moves to the 
mold station and it is positioned there. 

(g) After the manipulator has been positioned, the bolster plate C-b-2 lowers until the bottom plate M-10 of the 
mold M abuts against the lower bolster plate A-7 of the mold station. After the lowering of the bolster plate C- 
b-2 has stopped, the mold clamping devices A-21 on the lower bolster plate A-7 operate to connect together 
the lower bolster plate A-7 and the bottom plate M-10. 

(h) After the connection has been made, the bolster plate C-b-2 moves upward again. At this time, the connect- 
ing tube C-c-15 is subjected to downward force from the cylinder C-c-1 2. Thus, the segments M-3 of the mold 
M slide on the plate M-9 while moving radially. When the segments M-3 reach the limit of the movement thereof 
relative to the outer ring M-2, the segments M-3 then move upward together with the outer ring M-2. 

The engagement between the hooks of the segments M-3 and the engagement grooves of the bottom 
plate M-10, which functions effectively during the transfer of the mold, is canceled in the middle of the radially 
outward sliding movement of the segments M-3. Accordingly upon the completion of the radial movement of 
the segments M-3, the mold members M-8, M-9 and M-10 of the mold M can be left on the lower bolster plate 
A-7. 

(i) When the bolster plate C-b-2 reaches the upper limit of its travel to establish the state shown in the right- 
hand half of Fig. 2, the above-described operations carried out from the step of loading a green tire to the step 
of clamping the mold are executed. Thus, the operation is automatically switched over from the mold changing 
operation to the tire production operation, thereby allowing the production of tires to be continued. 

Although in the foregoing the manipulator that has been used for the production of the final tire is continu- 
ously used to remove and transfer the mold from the mold station, two manipulators may be used in such a 
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manner that a manipulator that has been engaged in the production of the final tire at a mold station is used to 
close the mold and then disconnected from the mold station to move to a mold station demanding a mold open- 
close operation, while another manipulator moves to the mold station that needs mold change to continue the 
mold changing operation, in accordance with the position of the mold station needing mold change relative to 
the mold preparing station and in accordance with the positional relationship between the mold station needing 
mold change and a mold station that demands a mold open-close operation during the mold changing opera- 
tion. 

(4) The operation of installing a new mold in the first mold preparing station and preheating it at the time of mold 
change: 

(a) When time at which mold change should be executed is designated on the basis of a production plan, a 
mold is carried to the first mold preparing station before the time that is determined by taking into consideration 
the time required for the mold to be preheated completely. Transport of the mold is effected by a forWift, for 
example. 

(b) The mold is transported with the pressure receiving plate M-12 laid on the bead ring portion of the lower 
side mold member M-8. The relationship between the pressure receiving plate M-12 and the lower side mold 
member M-8 is shown in the right-hand halves of Figs. 31 and 32. 

(c) The mold is suspended from a conventional hoisting accessory suspended from the end of the arm of the 
forklift by using wire or the like. The mold is suspended at the top plate M-6 or the ring M-7. By so doing, the 
mold is transported in a state where the hooks provided on the lower ends of the segments M-3 are engaged 
with the engagement grooves of the bottom plate M-10 so that the lower side mold member M-8, the slide 
member M-9 and the bottom plate M-10 are connected to the top half of the mold. 

(d) When there is no mold heated in the first mold preparing station, the heating device loader that holds the 
top heating device is placed in the stand-by position. The conditions of the loader at this time are shown in Figs. 
21 to 24. 

(e) While the top heating device is placed in the stand-by position as described above, the mold is carried 
above the first mold preparing station by the forklift. The mold centering device at the first mold preparing sta- 
tion is placed in the state shown in Fig. 33, so that the mold is lowered to abut against the bearings 320. 

(f) When the moid abutting against the bearings 320 is further lowered by the forklift, the weight of the mold 
acts on the bearings 310, pushing down the cylinders 319. In consequence, the mold lowers with the centering 
blocks 31 1 engaged with the projecting portions of the bottom plate M-10 by the action of the links. Since the 
mold is suspended by the forklift and the bottom plate M-10 is in contact with the bearings 31 0, the bottom plate 
M-10 is smoothly centered by the centering blocks 31 1 . The state where the centering is completed is shown 
in Rg. 34. 

(g) After the mold has been centered and installed on the bottom heating plate of the first mold preparing sta- 
tion, the mold is disconnected from the hoisting accessory of the forklift 

(h) Thereafter, the top heating device is installed over the mold by the loader, and the connecting device is dis- 
connected. Then, the arm of the loader is moved to the stand-by position again. At the same time as the top 
heating device is installed over the mold, the heating fluid supply and discharge devices for the heating device 
are also connected. 

0) Then, the pressure receiving plate is raised by the cylinder and pressed against the bead ring portion of the 
upper side wall mold member of the mold. 

The pressure receiving plate is continuously pressed against the bead ring portion during the heating 
process, and it is also kept pressed until the pressure receiving plate is connected to the manipulator that 
comes to receive the mold. 

(j) When the heating device is set, the heating fluid is supplied to circulate through the top heating plate and 
the mold outer ring via the heating fluid supply and discharge devices. The supply of the heating fluid to the 
bottom heating plate is effected through a conventional fluid pipeline provided on the stationary member, 
(k) When a predetermined temperature is reached and the manipulator begins a mold removing operation at 
the mold station, the arm of the loader is moved from the stand-by position to the mold position to receive the 
top heating device. Thereafter, the arm of the loader is moved to the stand-by position. 
(I) Thereafter, the process (b) in the above-described operation (3) is executed. 

Thus, the present invention provides a mold changing apparatus for use in a tire vulcanizer including a mold station 
having tire molds disposed in a row, a movable mold open-close manipulator, and a mold preparing station provided at 
a proper position in the row of tire molds for centering and preheating a tire mold, wherein the mold open-close manip- 
ulator is arranged to receive a tire mold from the mold station, to transfer it to the mold preparing station, to release it 
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there, to receive a new mold which has already been centered and preheated at the mold preparing station, to transfer 
the new mold to the mold station and to install it there. 

With the conventional mold changing method, it is necessary to dispose personnel for transport of a mold in accord- 
ance with the time at which the production of the final tire by a mold that should be removed from the press is com- 
5 pleted. However, according to the present invention, the mold may be transported when it is convenient for the mold 
transporting personnel. Thus, the mold changing operation can be executed extremely efficiently without being 
restricted by time. 

Although the prior art needs an assistant to the operator of a forklrft or a crane, the present invention enables a mold 
to be installed in the mold preparing station only by the for Witt or crane operator. Further, it is possible to lower by a large 
10 margin the costs of equipment related to loading and unloading in the tire vulcanizer and hence possible to reduce the 
overall cost of equipment of the tire vulcanizer. 

Although the present invention has been described through specific terms, it should be noted here that the 
described embodiments are not exclusive and that various changes and modifications may be imparted thereto without 
departing from the scope of the invention which is limited solely by the appended claims. 

15 

Claims 

1 . Tire production apparatus comprising : 

20 a plurality of mold stations disposed in a row; each of said mold stations (A) including a tire mold having sep- 

arable top and bottom halves, a lower bolster plate (A-7), a clamping device (A-21) fixed to said lower bolster 
plate (A-7) and capable of detachably securing the bottom half of a said tire mold to said lower bolster plate (A* 
7), an upper bolster plate (A-15), a clamping device (A-20) fixed to said upper bolster plate and capable of 
detachably securing the top half of the tire mold to said upper bolster plate (A-15), heating equipment including 

25 a fluid supply device and a fluid discharge device and which allows heating fluid to be supplied to a location in 

the mold station where the heating fluid will heat the top half of the mold and to be discharged therefrom, an 
upper breach lock tube (A-14) integral with said upper bolster plate (A-1 5), a lower breach lock tube (A-4) fix- 
able to said upper breach lock tube (A-14) upon relative rotation therebetween, a base plate (A-2) fixedly sup- 
ported in the mold station, said lower breach lock tube (A-4) being rotatably mounted to said base plate (A-2), 

30 and means for moving said lower bolster plate (A-7) and said base plate (A-2) relative to one another so as to 

cause said upper and lower bolster plates (A-15, A-7) to generate a mold clamping force acting therebetween 
when said upper and lower breach lock tubes (A-1 4, A-4) are fixed to one another; 
a mold preparing station (D) aligned with the row of said mold stations (A), said mold preparing station includ- 
ing a centering mechanism which centers a said tire mold in the mold preparing station, and heating equipment 

35 which preheats a said tire mold that is in the mold preparing station; and 

at least one open-close manipulator (C) including a frame (C-a), a travel driving device (C-a) operatively con- 
nected to said frame and operative to move said frame along the row of mold stations (A) and to said mold pre- 
paring station (D), and clamping equipment (C-ca) supported by said frame, the clamping equipment of said 
manipulator (C) capable of detachably securing respective ones of the tire molds to said frame so that the tire 

40 molds are transportable by said manipulator (C) between the respective ones of said mold stations (A) and 

said mold preparing station (D). 

2. Tire production apparatus as claimed in claim 1, and further comprising a mold thickness adjusting device (A-1 2) 
which maintains a minimum spacing between said lower bolster plate (A-7) and said base plate (A-2), said mold 

45 thickness adjusting device being adjustable to vary said minimum spacing and thus allow the amount by which said 
lower bolster plate is moveable relative to said base plate to be varied. 

3. Tire production apparatus according to claim 1 or 2, characterized by 

50 each mold station including the tire mold (M) each including mold members (M-5, M-8) having upper and lower 

bead rings; and 

said at least one open-dose manipulator (C) including a green tire loading device (C-e) having a basket con- 
figured to hold a green tire and an arm on which said basket is mounted, said arm being mounted to said frame 
(C-a) so as to be movable between first and second positions at which the basket is disposed outwardly of said 
55 frame and within said frame, respectively, a green tire transfer device (C-f) having a basket configured to sup- 

port a green tire and an arm supporting the basket of the transfer device and mounted to said frame (C-a) so 
as to be movable to a position at which a green tire held by the basket of the transfer device is transferable to 
the basket of said green tire loading device (C-e) when the arm of the loading device is in said first position, a 
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bead lock device (C-d) disposed within and supported by said frame, said bead lock device (C-d) including a 
plurality of chucks (C-d-6) capable of holding a green tire, and a driving device (C-d-9) on which said chucks 
are supported and which is actuatable to move the chucks vertically in the manipulator (C) so as to bring said 
chucks (C-d-6) into a position at which the chucks can receive a green tire supported by said green tire loading 
5 device (C-e) when the arm thereof is at said second position and so as to move the green tire into a position 

at which a bead thereof is inserted into a said bead ring of a respective one of said tire molds, and a connecting 
and disconnecting device (C-c) supported by said frame (C-a) and vertically movable in said manipulator (C), 
said connecting and disconnecting device (C-c) being detachably securable to the mold members (M-5, M-8) 
of the respective said tire molds so as to be capable of raising and lowering said mold members. 

10 

4. Tire production apparatus according to claim 1 or 2, characterized by 

each of said mold stations including the tire mold (M) having mold members (M-5, M-8) having a bead ring; 
said at least one open-close manipulator (C) including a bead lock device (C-d) having a plurality of chucks (C- 
75 d-6) capable of holding a green tire, a driving device (C-d-9) on which said chucks are supported and which is 

actuatable to move the chucks vertically to a position at which an upper bead (T g -1) of the green tire held 
thereby is inserted into said bead ring of a respective one of the tire molds; and 

a pressure receiving plate (M-12) which is detachably securable to the lock cylinder of said bead lock device 
(C-d), said pressure receiving plate (M-12) having an outer diameter that is greater than an inner diameter of 
20 said bead ring of the tire mold whereby said bead lock device (C-d) can support said pressure receiving plate 

(M-12) in a position within the tire mold as bearing against the upper side mold member (M-5) of the tire mold. 

5. Tire production apparatus according to claim 1 or 2, characterized by 

25 each of said mold stations including the tire moid having mold members (M-5, M-8) including upper side and 

lower side mold members, and a pressure receiving plate (M-12) located within said mold members (M-5, M- 
8) and freely moveable between said lower and said upper side mold members, said pressure receiving plate 
(M-12) having an outer diameter greater than inner diameters of each said upper and said lower side mold 
members so as to be engageable therewith; 

30 said heating equipment including a bottom heating device (203) so disposed as to heat the bottom of a respec- 

tive one of said tire molds that is in said mold preparing station (D), a top heating device (206) so disposed as 
to heat the top of a respective one of said tire molds that is in said mold preparing station (D), a mold lifting 
device capable of elevating a said tire mold disposed in the mold preparing station (D), and cylinder means 
(319) for elevating the pressure receiving plate (M-12) of a said tire mold that is disposed in the mold preparing 

35 station; and 

a loading and unloading device (21 1) operatable to load and unload the top heating device (206) into and from 
its operative position in the mold preparing station (D). 

6. Tire production apparatus as claimed in claim 1, wherein the split molds each include an outer ring (M-2), the 
40 clamping device (A-20) fixed to the upper bolster plate (A-1 5) of each of said mold stations (A) is capable of clamp- 
ing the outer ring (M-2) to the upper bolster plate (A-15), when actuated and to release said outer ring (M-2) and 
said upper bolster plate (A-15) from one another when deactuated, and said at least one manipulator (C) includes 
a connection and disconnection driving device (C-c) cooperable with the clamping device (A-20) fixed to the upper 
bolster plate (A-15) of each of said mold stations to actuate and deactuate the damping device (A-20) fixed to the 

45 upper bolster plate (A-1 5). 

7. Tire production apparatus as claimed in claim 3, 4 or 5, wherein the tire molds each include an outer ring (M-2), 
each of said mold stations (A) include an upper bolster plate (A-1 5) and a clamping device (A-20) capable of damp- 
ing the outer ring (M-2) of a said tire mold (M) to the upper bolster plate (A-15), when actuated and to release said 

so outer ring (M-2) and said upper bolster plate (A-15) from one another when deactuated. and said at least one 
manipulator (C) indudes a connection and disconnection driving device (C-c) cooperable with the damping device 
(A-20) of each of said mold stations to actuate and deactuate the clamping device. 

PatentansprQche 

55 

1 . Reifenfertigungsvorrichtung, umfassend: 

eine Anzahi von in einer Reihe angeordneten Formstationen, von denen jede Formstation (A) eine Reif enform 
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mit trennbaren oberen und unteren Haiften, eine untere Aufspannplatte (A-7), eine an der unteren Aufspann- 
platte (A-7) befestigte Spannvonrichtung (A-21), welche die untere Haifte oner Reifenform abnehm- Oder 
trennbar an der unteren Aufspannplatte (A-7) zu bef estigen vermag, eine obere Aufspannplatte (A-1 5). eine an 
der oberen Aufspannplatte befestigte Spannvorrichtung (A-20), welche die obere Haifte der Reifenform trenn- 

5 bar an der oberen Aufspannplatte (A-1 5) zu bef estigen vermag, eine eine RuidzufOhrvorrichtung und eine 

Fluidabftihrvorrichtung aufweisende Heizeinrichtung, welche die ZufQhrung eines Heizfluids zu einer StelJe in 
der Formstation, wo das Heizfluid die obere Haifte der Form erwdrmt, und die AbfQhrung des Heizfluids davon 
erlaubt, ein mit der oberen Aufspannplatte (A-1 5) einstQckiges oberes Verschlu G(sperr)rohr (A-1 4), ein unteres 
Verschlu6(sperr)rohr (A-4), das am oberen Verschlu Grohr (A-14) bei einer Relativdrehung dazwischen festleg- 

w bar 1st. eine in der Formstation test gehalterte Grundplatte (A-2), wobei das untere VerschluBrohr (A-4) an der 

Grundplatte (A-2) drehbar montiert bzw. gelagert ist, und Mittel zum Bewegen der unteren Aufspannplatte (A- 
7) und der Grundplatte (A-2) relativ zueinander, urn die oberen und unteren Aufspannplatten (A-1 5. A-7) eine 
dazwischen wirkende Formspannkraft erzeugen zu lassen, wenn die oberen und unteren Verschlu Grohre (A- 
14, A-4) aneinander festgelegt sind, aufweist, 

is eine auf die Reihe der Formstationen (A) ausgerichtete Formvorbereitungs- Oder -berertstellstation (D) mit 

einem Zentriermechanismus, welcher eine Reifenform in der Formbereitstellstation zentriert, und einer Heiz- 
einrichtung, welche die in der Formbereitstellstation befindliche Reifenform vorw&rmt, und 
mindestens einen Offnungs/schlieB-Manipulator (C) mit einem Rahmen (C-a), einer wirkungsmaSig mit dem 
Rahmen verbundenen Laufantriebsvorrichtung (C-a), welche den Rahmen langs der Reihe von Formstationen 

20 (A) und zur Formbereitstellstation (D) zu bewegen vermag, und einer vom Rahmen getragenen Spanneinrich- 

tung (C-ca), wobei die Spanneinrichtung des Manipulators (C) jeweilige der Reifenformen trenn- Oder abnehm- 
bar am Rahmen zu befestigen vermag, derail. daB die Reifenformen durch den Manipulator (C) zwischen den 
jeweiligen der Formstationen (A) und der Formbereitstellstation (D) transportierbar sind. 

25 2. Reiferrfertigungsvorrichtung nach Anspruch 1, ferner urrrfassend eine Formdicken-Einstellvorrichtung (A-1 2), die 
einen Mindestabstand zwischen der unteren Aufspannplatte (A-7) und der Grundplatte (A-2) aufrechterhait, welche 
Formdicken-Einstellvorrichtung einstellbar ist, urn den Mindestabstand zu variieren und damit eine Anderung der 
GrOBe, urn welche die untere Aufspannplatte relativ zur Grundplatte beweg- Oder verschiebbar ist, zuiaBt 

30 3. Reiferrfertigungsvorrichtung nach Anspruch 1 Oder 2, dadurch gekennzeichnet. daB 

jede Formstation die Reifenform (M) enthait, jeweils mit Formteilen (M-5, M-8), die obere und untere Wulst- 
ringe aufweisen, und 

der mindestens eine Offnungs/schlieB-Manipulator (C) eine Rohreifenladevorrichtung (C-e) mit einem Korb 

35 einer Form zum Halten eines Rohreifens und einem Arm, an dem der Korb montiert ist, welcher Arm am Rah- 

men (C-a) so montiert Oder gelagert ist daB er zwischen erst en und zweiten Stellungen bewegbar ist in denen 
der Korb auswarts des Rahmens bzw. innerhalb des Rahmens angeordnet ist eine RohreifenQberfOhrungs- 
vorrichtung (C-f) mit einem Korb einer Form zum StQtzen bzw. Tragen eines Rohreifens und einem Arm, der 
den Korb der Uberfuhrungsvorrichtung trdgt und am Rahmen (C-a) so montiert ist, daB er in eine Stellung 

40 bewegbar ist, in welcher ein vom Korb der UberfOhrungsvorrichtung gehaltener Rohreifen zum Korb der Roh- 

reifenladevorrichtung (C-e) Qberfuhrbar ist wenn sich der Arm der Ladevorrichtung in der ersten Stellung 
bef indet, eine innerhalb des Rahmens angeordnete und durch diesen getragene WulstWemm- Oder -sperrvor- 
richtung (C-d) mit einer Anzahl von (Spanrrf utter-) Backen (C-d-6), die einen Rohreifen zu halten vermflgen, 
und eine Antriebsvorrichtung (C-d-9), an welcher die Backen gehaltert Oder gelagert sind und die betatigbar 

45 ist zum vertikalen Verschieben der Backen im Manipulator (C), urn die Backen (C-d-6) in eine Stellung zu brin- 

gen, in welcher die Backen einen durch eine Rohreifenladevorrichtung (C-e) getragenen Rohreifen aufnehmen 
kOnnen, wenn sich deren Arm in der zweiten Stellung bef indet, und zum Bewegen des Rohreifens in eine Stel- 
lung, in welcher ein Wulst desselben in einen (genanrrten) Wulstring einer betreffenden der Reifenformen ein- 
gesetzt wird, sowie eine vom Rahmen (C-a) getragene und im Manipulator (C) vertikal bewegbare 

so Verbindungs- und Trennvorrichtung (C-c), die trennbar an den Formteilen (M-5, M-8) der betreffenden Reifen- 

formen befestigbar ist, so daB sie in der Lage ist die Formteile anzuheben und abzusenken, umfaBt. 

4. Reiferrfertigungsvorrichtung nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB 

55 jede der Formstationen die Reifenform (M) mit Formteilen (M-5, M-8) mit einem Wulstring enthait 

der mindestens eine Offnungs/schlieB-Manipulator (C) eine Wulstsperrvorrichtung (C-d) mit einer Anzahl von 
(Spannf utter-) Backen (C-d-6), die einen Rohreifen zu halten vermfigen, eine Antriebsvorrichtung (C-d-9), an 
welcher die Backen gehaltert Oder gelagert sind und die betatigbar ist zum vertikalen Bewegen der Backen in 
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eine Stellung, in der ein oberer Wulst (Tg-1) des dadurch gehaltenen Rohreifens in den Wulstring einer betref- 
fenden der Reifenformen eingesetzt wird, und 

eine Druckaufnahmeplatte (M-12) umfaBt. die trennbar am Arretier- oder Sperrzyiinder der Wulstsperrvorrich- 
tung (C-d) befestigbar ist. welche Druckaufnahmeplatte (M-12) einen Auftendurchmesser aufweist der grOBer 
ist als ein Innendurchmesser des Wulstrings der Reifenform, so daB die Wulstsperrvorrichtung (C-d) die 
Druckaufnahmeplatte (M-12) in einer Stellung innerhalb der Reifenform in Anlage gegen das obere Seiten- 
bzw. Flankenformteil (M-5) der Reifenform zu haltern vermag. 

5. Reifenfertigungsvorrichtung nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB 

jede der Formstationen die Reifenform mit Formteilen (M-5, M-8), die obere und untere Seiten- bzw. Flanken- 
fbrmteile aufweisen, und eine in den Formteilen (M-5, M-8) angeordnete und zwischen den unteren und obe- 
ren Flankenformteilen frei bewegbare Druckaufnahmeplatte (M-12) enthait welche Druckaufnahmeplatte (M- 
12) einen AuBendurchmesser aufweist der grOBer ist als die Innendurchmesser der oberen und unteren Flan- 
kenformteile, so daB sie damit in Eingriff bringbar ist 

die Heizeinrichtung eine Unterseiten-Heizvorrichtung (203), die angeordnet ist zum Erwarmen der Unterseite 
einer betreffenden der Reifenformen, die sich in der Fbrmbereitstellstation (D) bef indet, eine Obersetten-Heiz- 
vorrichtung (206), die angeordnet ist zum Erwarmen der Oberseite einer betreffenden der Reifenformen, die 
sich in der Formbereitstellstation (D) bef indet, eine Formhebevorrichtung, welche die in der Formbereitstells- 
tation (D) befindiiche Reifenform anzuheben bzw. hochzufahren vermag, und Zylindermitte! (319) zum Hoch- 
fahren der Druckaufnahmeplatte (M-12) der in der Formbereitstellstation befindlichen Reifenform umfaBt, und 
(gekennzeichnet durch) eine Lade- und Entladevorrichtung (211), die betatigbar ist zum Laden und Ent- 
laden der Oberseiten-Heizvorrichtung (206) in die und aus ihrer Betriebsstellung in der Formbereitstellstation 
(D). 

6. Reifenfertigungsvorrichtung nach Anspruch 1, wobei die geteilten Formen jeweils einen AuBenring (M-2) aufwei- 
sen, die an der oberen Aufspannplatte (A-15) jeder der Formstationen (A) festgelegte Spannvorrichtung (A-20) bei 
Betatigung den AuBenring (M-2) gegen die obere Aufspannplatte (A-15) zu verspannen vermag und bei Deaktivie- 
rung den AuBenring (M-2) und die obere Aufspannplatte (A-15) voneinander zu lOsen vermag und der mindestens 
eine Manipulator (C) eine Verbindungs- und Trennantriebsvorrichtung (C-c) aufweist, die mit der an der oberen Auf- 
spannplatte (A-1 5) jeder der Formstationen festgelegten Spannvorrichtung (A-20) zusammenzuwirken vermag, urn 
die an der oberen Aufspannplatte (A-15) festgelegte Spannvorrichtung (A-20) zu betatigen und zu deaktivieren. 

7. Reifenfertigungsvorrichtung nach Anspruch 3, 4 oder 5, wobei die Reifenformen jeweils einen AuBenring (M-2) auf- 
weisen, jede der Formstationen (A) eine obere Aufspannplatte (A-15) und eine Spannvorrichtung (A-20) aufweist, 
die bei Betatigung den AuBenring (M-2) der Reifenform (M) gegen die obere Aufspannplatte (A-15) zu verspannen 
vermag und bei Deaktivierung den AuBenring (M-2) und die obere Aufspannplatte (A-15) voneinander zu Ifisen ver- 
mag, und der mindestens eine Manipulator (C) eine Verbindungs- und Trennvorrichtung (C-c) aufweist, die mit der 
Spannvorrichtung (A-20) jeder der Formstationen zusammenzuwirken vermag, urn die Spannvorrichtung zu beta- 
tigen und zu deaktivieren. 

Revendlcatlons 

1 . Appareil de production de pneumatiques comportant : 

une plurality de postes de moulage disposes suivarrt une rang6e ; chacun desdits postes de moulage (A) com- 
portant un moule de pneumatique prGserrtarrt des moiti6s sup6rieure et interieure s6parab!es, une plaque inf 6- 
rieure de support (A-7), un dispositif de serrage (A-21) fix6 & ladite plaque inf6rieure de support (A-7) et 
capable de fixer de mantere separable la moitte inf6rieure d'un moule de pneumatique d ladite plaque inte- 
rieure de support (A-7), une plaque sup6rieure de support (A-15), un dispositif de serrage (A-20) fix6 & ladite 
plaque sup6rieure de support et capable de fixer de manfere separable la moiti6 sup6rieure du moule de pneu- 
matique & ladite plaque sup6rieure de support (A-15), un 6quipement de chauffage comprenant un dispositif 
d'alimentation en f luide et un dispositif d'Gvacuation de f luide, et qui permet au ftuide de chauffage d'etre d6li- 
vr6 en un emplacement dans le poste de moulage ou le fluide de chauffage chauffera la moiti6 sup6rieure du 
moule et d'etre 6vacu6 de celui-d, un tube supSrieur (A-14) de verrouillage d'ouverture d'un seul tenant avec 
ladite plaque supdrieure de support (A-15), un tube irrferieur (A-4) de verrouillage d'ouverture pouvant §tre f ix6 
audit tube sup6rieur (A-14) de verrouillage d'ouverture lors de la rotation relative errtre ceux-ci, une plaque de 
base (A-2) supports de mani^re fixe dans le poste de moulage. ledit tube inf6rieur (A-4) de verrouillage 
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d'ouverture etarrt monte de maniere tournarrte sur ladite plaque de base (A-2), et des moyens pour deplacer 
ladite plaque inferieure de support (A- 7) et ladite plaque de base (A-2) Tune par rapport k I'autre de maniere k 
amener lesdites plaques sup6rieure et inferieure de support (A- 15, A-7) & engendrer une force de serrage de 
moule agissant errtre celles-ci lorsque lesdits tubes sup6rieur et inf6rieur (A-14, A-4) de verrouillage d'ouver- 
ture sont fix6s Tun & I'autre ; 

un poste (D) de preparation de moule aligns avec la rang6e desdits postes de moulage (A), ledit poste de pre- 
paration de moule comportant un m6canisme de centrage qui centre un moule de pneumatique dans le poste 
de preparation de moule, et un equipement de chauffege qui pr6chauffe un moule de pneumatique qui est 
dans le poste de preparation de moule ; et 

au moins un manipulates cfouverture-fermeture (C) comprenant un bdti (C-a), un dispositif tfentraTnement en 
defacement (C-a) relie op6rativement avec ledit b&ti et actif pour deplacer ledit b&ti le long de la rang6e de 
postes de moulage (A) et audit poste de preparation de moule (D), et un equipement de serrage (C-ca) sup- 
porte par ledit b&ti, requipement de serrage dudit manipulateur (C) etarrt capable de fixer de maniere separa- 
ble les moules de pneumatique respectifs audit b&ti de telle maniere que les moules de pneumatique sont 
transportables par ledit manipulateur (C) entre lesdits postes de moulage respectifs (A) et ledit poste de pre- 
paration de moule (D). 

2. Appareil de production de pneumatiques tel que revendique dans la revendication 1 , et comportant au surplus un 
dispositif (A-12) d'ajustement de repaisseur de moule qui maintient un espacement minimum entre ladite plaque 
inferieure de support (A-7) et ladite plaque de base (A-2), ledit dispositif d'ajustement de repaisseur de moule etarrt 
ajustable pour faire varier ledit espacement minimum et permettre ainsi de modifier la quantrte de laquelle ladite 
plaque inferieure de support peut etre deplac6e par rapport k ladite plaque de base. 

3. Appareil de production de pneumatiques selon la revendication 1 ou 2, caracterise par le fait que 

chaque poste de moulage comportant le moule de pneumatique (M) comprend des elements de moule (M-5, 
M-8) comportant des bagues sup6rieure et inferieure de bourrelet ; et 

ledit manipulateur d'ouverture-fermeture (C) comporte un dispositif (C-e) de chargement de pneumatique vert 
comprenant un panier configure pour tenir un pneumatique vert et un bras sur lequel ledit panier est monte, 
ledit bras etant monte sur ledit b&ti (G-a) de maniere k §tre deplagable entre une premiere et une seconde 
positions pour lesqueiles le panier est situ6 respectivement k I'exterieur dudit b&ti et k I'int6rieur dudit b&ti, un 
dispositif (C-f) de transfert de pneumatique vert comportant un panier configure pour supporter un pneumati- 
que vert et un bras supportant le panier du dispositif de transfert et monte sur ledit b&ti (C-a) de maniere k etre 
d6pla$ab!e vers une position pour laquelle un pneumatique vert tenu par le panier du dispositif de transfert 
peut etre transfer au panier dudit dispositif (C-e) de chargement de pneumatique vert lorsque le bras du dis- 
positif de chargement est dans ladite premiere position, un dispositif (C-d) de verrouillage de bourrelet situ6 k 
Hnterieur dudit b&ti et supporte par celui-ci, ledit dispositif (C-d) de verrouillage de bourrelet comportant une 
pluralite de m&choires (C-d-6) capables de tenir un pneumatique vert, et un dispositif d'entratnement (C-d-9) 
sur lequel lesdites m&choires sont supportees et qui peut etre actionne pour d6placer verticalement les 
m&choires dans le manipulateur (C) de maniere k amener lesdites m&choires (C-d-6) dans une position pour 
laquelle les m&choires peuvent recevoir un pneumatique vert supporte par ledit dispositif (C-e) de chargement 
de pneumatique vert lorsque le bras de celui-ci est dans ladite seconde position et de maniere k deplacer le 
pneumatique vert dans une position pour laquelle un bourrelet de celui-ci est introduit dans Tune desdites 
bagues de bourrelet de Tun respectif desdits moules de pneumatique, et un dispositif (C-c) de connexion et de 
deconnexion supporte par ledit bAti (C-a) et d6plagable verticalement dans ledit manipulateur (C), ledit dispo- 
sitif (C-c) de connexion et de deconnexion pouvant etre fixe de maniere separable auxdits elements de moule 
(M-5, M-8) desdits moules de pneumatique respectifs de maniere k etre capable de soulever et d'abaisser les- 
dits elements de moule. 

4. Appareil de production de pneumatiques selon la revendication 1 ou 2, caracterise par le fait que 

chacun desdits postes de moulage comportant le moule de pneumatique (M) presente des elements de moule 
(M-5. M-8) ayant une bague de bourrelet ; 

ledit manipulateur d'ouverture-fermeture (C) comporte un dispositif de verrouillage de bourrelet (C-d) pr6sen- 
tant une pluralite de m&choires (C-d-6) capables de tenir un pneumatique vert, un dispositif d'entratnement (C- 
d-9) sur lequel lesdites m&choires sont supportees et qui peut etre actionne pour deplacer verticalement les 
m&choires dans une position pour laquelle un bourrelet sup6rieur (T g -1) du pneumatique vert tenu par celles- 
ci est introduit dans ladite bague de bourrelet de Tun respectif desdits moules de pneumatique ; et 
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une plaque (M-12) de reception de pression qui peut Stre fixge de manigre separable au vgrin de verrouillage 
dudit dispositif (C-d) de verrouillage de bourrelet ladrte plaque de reception de pression (M-12) prgsentant un 
diamgtre extgrieur qui est supgrieur au diamgtre intgrieur de ladite bague de bourrelet du moule de pneumati- 
que, de sorte que ledrt dispositif (C-d) de verrouillage de bourrelet peut supporter ladite plaque (M-12) de 
reception de pression dans une position k llnttrieur du moule de pneumatique en appuyant contre I'gJgment 
de moule (M-5) du cfitg supgrieur du moule de pneumatique. 

Appareil de production de pneumatiques selon la revendication 1 ou 2, caractgris6 par le fait que 

chacun desdits postes de moulage comportant le moule de pneumatique comprend des Pigments de moule 
(M-5. M-8) ayant des glgmerrts de moule du c6t6 supgrieur et du cdtg irrfgrieur, et une plaque (M-12) de recep- 
tion de pression situge k I'intgrieur desdits glgments de moule (M-5, M-8) et mobile librement errtre lesdits Pig- 
ments de moule du c6tg infgrieur et du c6t6 supgrieur, ladite plaque (M-12) de reception de pression ayant un 
diamgtre extgrieur supgrieur aux diamgtres intgrieurs de chacun desdits glgmerrts de moule du c6tg supgrieur 
et du cOtg infgrieur de manure k pouvoir coopgrer avec ceux-ci ; 

ledrt gquipement de chauffage comprend un dispositif de chauffage infgrieur (203) disposg de manigre k 
chauffer le fond de Tun respectif desdits moules de pneumatique qui est dans ledrt poste (D) de preparation de 
pneumatique, un dispositif de chauffage supgrieur (206) dispose de manigre k chauffer la parte supgrieure de 
Tun respectif desdits moules de pneumatique qui est dans ledrt poste (D) de preparation de pneumatique, un 
dispositif de montge de moule capable de faire monter un moule de pneumatique situg dans le poste (D) de 
preparation de pneumatique, et des moyens k vgrin (319) pour faire monter la plaque (M-12) de reception de 
pression d'un moule de pneumatique qui est situ6 dans le poste de preparation de moule ; et 
un dispositif (21 1 ) de chargement et de d6chargement qui peut §tre actionng pour charger et dgcharger le dis- 
positif de chauffage supgrieur (206) dans et k partir de sa position active dans le poste (D) de prgparation de 
moule. 

Appareil de production de pneumatiques tel que revendiqug dans la revendication 1, dans lequel les moules sgpa- 
r6s comportent chacun une bague exterieure (M-2), le dispositif de serrage (A-20) fixe k la plaque supgrieure de 
support (A-15) de chacun desdits postes de moulage (A) est capable de serrer la bague exterieure (M-2) de la pla- 
que supgrieure de support (A-15), lorsqu'il est actionne, et pour libgrer ladrte bague exterieure (M-2) et ladite pla- 
que supgrieure de support (A-15) Tune de ('autre lorsqu'il est dgsactivg, et (edit manipulates (C) comporte un 
dispositif (C-c) de commande de connexion et de dgconnexion qui peut coopgrer avec le dispositif de serrage (A- 
20) fixg k la plaque sup6rieure de support (A-15) de chacun desdits postes de moulage pour activer et desactiver 
le dispositif de serrage (A-20) fixe k la plaque supgrieure de support (A-15). 

Appareil de production de pneumatiques tel que revendique dans la revendication 3, 4 ou 5, dans lequel les moules 
de pneumatique comportent chacun une bague exterieure (M-2), chacun desdits postes de moulage (A) comporte 
une plaque supgrieure (A-15) et un dispositif de serrage (A-20) capable de serrer la bague extgrieure (M-2) d'un 
moule de pneumatique (M) sur la plaque supgrieure de support (A-15), lorsqu'il est activg, et pour libgrer ladite 
bague extgrieure (M-2) et ladite plaque de support (A-15) Tune de I'autre lorsqull est dgsactivg, et ledrt manipula- 
tes (C) comporte un dispositif (C-c) de commande de connexion et de dgconnexion qui peut coopgrer avec le dis- 
positif de serrage (A-20) de chacun desdits postes de moulage pour activer et dgsactiver le dispositif de serrage. 



26 



EP 0510 332 B1 




EP 0 510 332 B1 



Fig. 2 
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Fig. 3 
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Fig. 7 
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Fig. 9 . 
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Fig. 11 




36 



EP 0 510 332 B1 



Fig. 12 
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Fig. 14 
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Fig. 17 
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Fig. 19 
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Fig. 27 /•• 
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Fig. 36 
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Fig. 38 
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Fig. 47 . 
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Fig. 48 
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Fig. 50 
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Fiy. 52 
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Fig. 55 
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Fig. 5o 
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